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ABSTRACT 


Studies were undertaken to assess the nutritive value 
of low glucosinolate, low erucic acid rapeseed meal (00- 
HSM) ,e cultivar lower,) aS a Source ol protein Gfor pigs “and 
ratS compared with commercially available rapeseed meal (C- 
RSM) and soybean meal (SBM). Studies were also made to 
determine the effects of these frotein sources on thyroid 


hormone function in pigs and rats. 


A total of 80 pigs in one experiment and 33 pigs in 
another experiment as well as 50 rats were used in these 
studies. Penenenes consisted of feeding isonitrogenous 
diets containing SEM, 0O-RSM Ob? —C-—kSM) Jas ~~ conplece 
replacement for SBM or iScnitrogenouS combinations of SBM 


with either source of RSH. Diets were also isocaloric. 


During the starting phase from 4 to 10 weeks of age, 
pigs fed the 00-RSM diets consumed more feed (P<.05), gained 
faster (P<.05) and converted feed to body weight gain more 
SL clereiclyeai(Pa.05)eeetman Spigse fed= the C-kSM diet sbut 
consumption of these two diets was not Signaticantly 
different. Feed consumption was less (P<.05) for pigs fed 
00-RSM than those fed SBN pigs fed O00-RSM diets. Partial 
replacement of SEM with O0-RSM resulted in performance 


Similar to pigs fed SBM while partial replacement of SBM by 
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C-RSM resulted in performance similar to pigs fed 00-RS™ 


diets. 


During the growing and finishing phases feed 
COUSUMPtEION, Was) NOt Significantly ditferent form any diet. 
Gain and efficiency of feed conversion were less (P<.05) for 
pigs fed 00-RSM ccmpared with SBM in the growing period 
although the latter parameter was not significantly 
different in the finishing pericd. These parameters were 
markedly depressed for pigs fed C-RSM compared with all 


Other -diecs. 


Feed consumption, gain and feed conversion of rats’ fed 
OO-RSM diets was significantly (P<.05) lower than rats fed 
SBM. Performance waS depressed in rats fed both diets 


containing C-—RSM. 


Digestibility of energy, nitrogen and amino acids of 
both pigs and rats fed 00-RSM and C-RSM diets was depressed 
compared with animals fed SBM but these differences were not 
cousistently “signuaticant. Digestibility of diets in which 
SEM was partially replaced by either source of RSM was 


intermediate compared with thcse containing only SBM or RSM. 


Thyroid weight expressed as a function of body weight 
was greater (P<.05) and thyroxine levels of blood serum were 
beduced W(P<.05)e tor pigs 2ted.) bothesdiets= containing “C—RSM 


compared with pigs fed other diets except thyroxine levels 
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of pigs fed OO-RSM were significantly lower in one case than 
pigs fed the SBM diet. Serum cholesterol and glucose were 
elevated (P<.05) and alkaline phosphatase was depressed 
(P<.05) in pigs fed the C-RSM diets. These findings are 
indicative of a possible hypothyroid condition in pigs fed 
high levels of C-RSM in these experiments. Thyroid function 
of pigs fed high levels of 00-RSM waS Similar to pigs fed 


the SBM diets. 
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INTRODUCTION 


Production of rapeseed (RS) is of very ancient origin 
and recorded usage is known from early Sanskrit writings of 
2000= TS 00@n. Cc . (Downey, 1965). China and India ‘Sstail 
account for the majority of the total world production of RS 
(Armstrong, 1975). The first ccmmercial production of RS in 
Canada waS in 1943 when Argentine-type RS (Brassica napus) 
waS grown initially at the reguest of the Canadian 
government for production of oil for marine and aircraft 
engine lubricants. Prior to 1943, small amounts of rape of 
Polish type (Brassica campestrisO were grown in the 
Shellbrook area of Saskatchewan. Since these modest 
beginnings, acreage devoted to production of RS has expanded 
to 3,950,000 acres (1,598,000 hectares) (Statistics Canada, 


1976) in 1975 and rapeseed is now the third major cash crop 


in the Western Canadian prairie provinces. 


Rape is a member of the Cruciferae family and two 


Summer species are commonly grown in Canada: Brassica 


campestris L. ccmmonly called Polish rare or turnip rape 
and Brassica napus L. commonly called Argentine rape. 
Although “B.. napus was initially the major species grown, 


the shorter growing period, greater drought resistance and 
Shattering resistance of the pods during harvesting of B. 
campestris has proven to be of benefit in more northern 


areas where the bulk of RS production is concentrated. At 


’ 

; - 
» 

_— ; 7 

Lig 
) 
7 

r 9 
‘ i] 


ee - 

| gu eE a7 

vie oPpedg 

‘ . ‘ ¥! Pues a 


; j » J e 
4th gs ol , 
‘ ae e@fOan) TH; a peo 
- eye r meaganrsie> *{ - {= 
| rep 3 t 7 utile a Lee) 0.2 af 
Pep: i & Mee ‘ pot cs at 
,7 ro aoe ae 7 


Mi i@ - o < bey | aiteicns ve ii a a he 
ee re a 

> ke See 

‘ef ceny, 


the present time greater acreage is devoted to 


Ito 


campestris than to B. napus although B. napus produces a 
greater yield of seed and is resistant to staghead, a white 
rust which is a major disease problem in areas of B. 


campestris producticn (Downey et al, 1975). 


Production of RS is dependent largely upon demand for 
oil and meal which governs the price of RS, as well as price 
ratios between wheat, coarse grains and RS. These cereal 
crops compete for the same acreage aS RS (Runciman and 
Olsen, 1975) and within certain limits relative prices 
dictate the crops which will be grown on a given area of 
Vand. Historically, rape has been an emergency crop, often 
grown in a year when early crops failed or seeding was 


delayed. 


RS is grown largely for the oil content (40%) which is 
utilized mainly as an edible oil in margarine and cooking 
oil (Runciman and Olsen, 1975). The resulting meal, which 
is a by-product of cil extraction, contains a high level of 
protein (36%, on an air dry basis) of good biological value 
(Bowland, 1965). The amino acid pattern of rapeseed meal 
(RSM) is quite similar tc that of soybean meal (SBM) but RSM 
contains a higher level of methionine and slightly less 
lysine than SBM (Clandinin et al, 1972). Therefore, RSM is 
a potential partial substitute for SBM in livestock and 


poultry diets. Currently, a level of 5% rapeseed meal (RSM) 
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is recommended in the diets of Starting, _growing and 
finishing pigs and up to 10% RSM may be used where a 
favourable price ratio exists in favour of RSM compared with 


other protein sources (Bowland and Bell, 1972). 


The reccmmendations restricting the use of RSM in pig 
diets have been formulated as a result of the potential 
LOXxicity for pigs of certain compounds, called 
glucosinolates, which appear to be present in all species of 
Cruciferae (Ettlinger and Kjaer, 1968). Glucosinolates have 
been implicated as the likely cause of depression in 
performance and inhibition of normal thyroid metabolism when 


RSSeese ted §O pags (Bowland 7. 1965),- 


~ 


Glucosinolates are anions with the general structural 
formula aS Shown in Figure 1. Ettlinger and Lundeen (1956) 


characterized the breakdown of glucosinolates by an enzyme 


systen, myrosinase (thioglucoside glucohydrolase, E.C. 
ams be)) yielding glucose, Sulfate ion and an 
isothiocyanate or products formed by isothiocyanate 
reactions. 


Figure 1. General formula of glucosinolates 
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AS a result of the problems associated with using RS™ 
aS a source of protein in livestock diets, a great deal of 
research has been conducted to develop varieties of RS, such 
as the cultivar Tower, which have low levels of both 
glucosinolates and erucic acid, a 22-carbon fatty acid which 
has been linked tc undesirable cardiac alterations when the 
oil supplied a large part of the energy of the diet in male 
rats and pigs (Reine et al, 1960; Beare-Rogers and Nera, 
1972). Beare-Rogers et al (1974) suggested that certain 
deleterious effects of RS oil on a long-term basis may cause 
undesirable changes when RS oil is consumed by man. 
Recently Aherne et al (1975), Friend et al (1975) and Aherne 
et al (1976) have shown that no Significant histological 
differences were evident in the hearts of pigs fed diets 
containing high or low erucic acid RS 01il provided protein 
levels were increased to maintain constant daily protein 
intake across all diets. This adjustment is required to 
allow for the decrease in feed intake which occurs in 
monogastric animals when diets containing large amounts of 
oil, and which thus have high energy levels, are fed. 
However, since RSM is defatted and usually only 2-3% 
residual oil remains in the meal following extraction 
(Clandinin et al, 1972) it is not likely that erucic acid is 
of any Significance in relation to use of RSM in livestock 
diets, and erucic acid is, therefore, not cconsidered further 


in this report. 
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LITERATURE REVIEW 


The glucosinolates present in RS have been known as 
potent goitrogens for more than 100 years (Greer, 1962; Bell 
and Belzile, 1965). A review of the metabolism of the 
thyroid and the effects of glucosinolates is appropriate, 
particularly Since Paddock (1971) suggested that 
glucosinolates were a major factor hindering increased usage 
of RSM. In addition, the nutritive value of RSM as a source 
of protein for pigs and the implications of low 
glucosinolate RSM will be considered in this review. 


Thyroid _metabolisn 


The thyroid in the pig is a concave globular structure 
located immediately ventral to the trachea at the level of 
the thoracic inlet and just anterio-dorsal to the anterior 
vena cava (Dunne, 1970). Unlike most mammals including man, 
in the pig the thyroid is not a bilobed structure. The 
gland is well supplied with blood from the carotid artery 


and drains into the internal jugular vein. 


Histologically, the cells of the thyroid are arranged 
in follicles Ae Gere an internal dense staining colloid 
material (Bell et al, 1968). This proteinaceous colloid is 
termed thyroglobulin and is believed to be the site of 


organic iodination of thyroid hormones as well as the main 
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reservoir of organically bound iodine in the thyroid 
(Harper, 197 V)i. Secretion of the active hormones is 
accomplished by enzymatic hydrolysis of the peptide bonds by 
which these hormones are bound within the thyroglobulin 


molecule (Gharib and Hurd, 1973). 


The primary function of the thyroid gland is to produce 
the thyroid hormones. The two thyroid hormones having 
greatest physiological activity are 3,5,3'-triiodothyronine 
(f-3) and 3,5,3',5'-tetraiodothyronine (f-4) (Pitt-—Rivers 
and Rall, 1961). Oppenheimer (1968) and Robbins and Rail 
(1967) showed that 90% of the organically bound iodine in 
the blood was accounted for by 1-4. T-3 is considered to 
have four times the calorigenic activity of T-4 while using 
only 75% as much organically bound iodine which may be of 
importance in iodine deficiency states (Greer et al, 1968). 
Also, Chopra et al (1971) have suggested that due to a 
Shorter serum half life of T-3 of 1.0 days vs 6-7 days for 
T-4, and an estimated daily production of approximately 26 
ug of T-3 vs 80 ug/day for T-4, that T-3 may account for 
two-thirds of the total thyroid hormone effect in humans. 
Further, Chopra et al (1971) have suggested that more than 
30% of the daily production cf T-4 is converted to T-3 in 
the body outside the thyroid, further strengthening the 
argument that the main functicnal thyroid hormone is indeed 


T-3. Mono-iodotyrosine and diiodotyrosine are also produced 
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by the thyroid as precursor compounds of T-3 and T-4. 


Biosynthesis of thyroid hormones is presented in Fig. 
2s The basic mechanism involves iodinaticn of tyrosine 
molecules in the 3-position forming monoiodotyrosine or in 
the 3,5-positions forming diodotyrosine. These structures 


ate then coupled (to form T-3eand/or 1-4, (Harper, 1597 1) 5 


Figure 2. Synthesis of thyroid hormones 
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3,5,3,5- tetraiodothyronine 
(thyroxine) 


The specific effects of thyroid hormones still remain 
sonewhat unclear despite the well known effects of 


increasing basal metabolic rate (Lehninger, 1970). A 
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background level of thyroid hormones appears necessary for 
many functions of the body but much confusicn has arisen as 
a result of administering unphysiologically high doses under 
experimental conditions. At physiologic concentrations, 
thyroid hormones appear to stimulate lipid and carbohydrate 
metabolism, largely through effects on synthesis of adenyl 
cyclase as related to glycogen and lipid metabolism (Harper, 
1971). In addition, an anabolic effect has been suggested 
by increasing RNA synthesis as well as augmenting protein 
synthesis by stimulating translation of messenger RNA. 
Production of growth hormone is also reported to be 
Stimulated by thyroid hormones (Harper, 1971). 


Glucosinolate involvement in thyroid metabolism 


Deficiency of iodine was shown by early workers to be 
the primary problem causing thyroid dysfunction resulting in 
goitre (Coindet, 1820, cited by Greer, 1962). However, it 
was discovered that ingestion of certain plants, notably 
cabbage as well as other Cruciferae also produced goitre, 
even in the presence of sufficient dietary iodine (Chesney 
et al, 1928, Hercus and Purves, 1936, both cited by Greer, 
1962). More recent work (Josefsson, 1970) has shown that 
many glucoSinolates occur in Cruciferae. In rape, the major 
Hin oern erat cs have been suggested by Bell and Belzile 
(1965) to be 3-butenyl gluccsinolate (gluconapin), 4m 


pentenyl-glucosincolate (glucobrassiconapin) and 2-hydroxy-3- 
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butenyl-glucosinolate (progoitrin). Direct quantification 
of glucosinolates is very difficult, conseguently levels of 
these compounds are determined on the basis of 
identification of end products produced by enzymatic 
hydrolysis of the glucosinolates. Hydrolysis is 
accomplished by myrosinase, a thioglucosidase, which is a 
naturally occurring enzyme present in RS and which acts by 
hydrolysis of the S-glycosyl bond of the glucosinolate. The 
commonly accepted structure and scheme of hydrolysis of 
gluccsinolates was elucidated by Ettlinger and lLundeen 


(19.56) “as in Figure 3. 


The structure of the R-group is characteristic of the 
different glucosinolates. In the case of progoitrin, where 
a hydroxyl is present in the R-group, a cyclization of 
unstable isothiocyanate takes place, producing 5-vinyl 


oxazolidinethionine (0ZT) (Bell and Belzile, 1965). 


Clandinin et al (1959) found that heat in certain 
circumstances increased the goitrogenicity of RSM by 
converting isothyocyanate (ITC) to OZT. Lo and Bell (1972) 
found that OZT was more toxic for rats than ITC as indicated 


by growth depression and 1251 uptake. 


Nitrile formation may also occur with the HSO- ion 
eliminated in the initial reaction. Also, the simultaneous 


occurrence of a nitrile and an ITC is known (Bell and 
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Figure 3. The general structures of glucosinolates and 
products formed by enzymatic hydrolysis, fcllowed by 


chemical rearrangement reactions 
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Belzile, 1965). Daxenbichler (1967) et al suggested that pH 
and conditions of hydrolysis of progoeitrin could” anftiluence 
the hydrolytic products formed. In Situations involving low 
pH or autolysis OL glucosinolates by the native 
thioglucosidase at rocm temperature, considerable quantities 
of nitriles were formed from progoitrinn (Van Etten et al, 
1966)9o Tookey et al (1965) and Van Etten et al (1969) -Eound 
such nitriles to be more toxic for rats than OZ2T considering 
growth, thyroid weight and histology as well as other tissue 
pathology. This finding has been confirmed by Lo and Hill 


(1972) and more recently by Josefsson (1975) using mice. 


The implication of these findings is that in unheated 
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RSM, nitriles can be formed by the native thyioglucosidase 
(myrosinase) in the meal under the low pH conditions of the 
stomach of monogastric animals and that hydrolysis of these 
compounds occurs in less than 4 hours {Lo and Hill, 1972). 

However, in the case of heated RSM in which the native 
glucosidase was inactivated, Lo and Hill (1972) found that 
OZT was formed and was released to the animal from the gut 
at a lower concentration over a longer period of time (16-36 
hours) than in unheated meals. Previous work by Lo and Hill 
(1971a) had shown that during incubation of tissue from 
humerous organs, no glucosinclate products were formed, 
indicating that a thioglucosidase was not present in the 
tissue. The implication of this finding is that the enzymes 
necessary to hydrolyze dietary glucosinolates must come from 
outside the animal body. It has long been believed that the 
bacteria normally present in the intestines can hydrolyze 
glucosinolates. Recently, Marangos and Hili (1974) directly 
demonstrated the presence of myrosinase in caecal contents 
of chickens and also in the contents of the ilium and colon 
in caecectomized birds, but not in the caecal wall. The 
enzyme activity could be inhibited by neomycin. This direct 
demonstration of the enzyme in normal gut microflora, 
together with the previous work, clearly shows the 
involvement of gut bacteria in metabolism cf glucosinolates 
in the animal. This also raises a host cf ramifications 


regarding glucosinclate metabolism in relation to dietary 
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administration cf antibictics, resistance of the gut micro- 
organisms to these antibiotics and composition of the 
bacterial population. It is fpossible that such factors 
could account for some of the variability cf animal response 
to RSM in the diet observed under both experimental and 
practical conditions. 


Glucosinolate effects _on thyroid function 


The inhibitory effects of glucosinolates on thyroid 
function can occur in several sites within the thyroid 
depending on the type of hydrolytic product which is 
involved (Figure 4). Thiocyanates (TC), including ITC, may 
act in two ways: by inhibiting the uptake of iodide from the 
plasma by the thyroid and by inhibiting the organic 
iodination of tyrosine molecules in thyroglobulin (Greer et 
aug 1966; Green, 1971). Administration of high levels of 
iodine appear to partially protect the thyroid from the 
effects of thiocyanate and presumably ITC. Greer (1962) 
explained the protective effect of high levels of iodine in 
terms of mass action effect on competitive uptake of TC or 


iodide by the thyroid. 


The main effects of thicnamides, such as OZT, on the 
thyroid stems largely from an inhibition of the coupling of 
tyrosine residues to form thyronine (Greer et al, 1964; 
Green, 1971). 
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Thionamides also inhibit iodination of tyrosine 
(Richards and Ingebkar, 1959) but iodine transport does not 
appear to be affected (Green, 19713; Lo and Hill, 1971b). 
The exact mechanisms of thionamide action on the thyroid are 
not clearly understood, kut administration of iodine does 
‘not appear to be beneficial in terms of hormone production 
but may partly inhibit goitre fcrmation in rats (Taylor and 
Barrett, 1965). Finnish researchers found enlargement of 
thyroids even when excess iodine was administered to rats 
consuming small amounts (0.5 ug/day) of OZT in water 


(Krusius and Peltola, 1965). 


It is apparent that the goitrogens in KRSM can cause a 
disturbance in thyroid metabolism. The effects of these 
compounds may result in two types of goitrous conditions 
which have important implications in regard to utilization 
of RSM; 

a) compensated goitre: thyrcid enlarges in response to 
stimulus of thyroid stimulating hormone (TSH) via the 
hypothalamic-pituitary feedback mechanism, i.e., goitrogen 
decreases effective thyroid hormone secretion and plasma 
hormone levels decrease. A hypothalamic-pituitary response 
to low circulating thyroid hormones results in increased 
secretion of TSH. Enlargement of the gland under stimulus 
of TSH permits normal (euthyroid) plasma T-3 and T-4 levels 


and normal or near normal growth occurs. 
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b) uncompensated goitre: thyroid enlarges as above but 
euthyroid T-3 and T-4 levels cannot be maintained. The 
classical hypothyroid condition then occurs. 


Nutritional Implications of Low Glucosinolate Rapeseed Meal 


Removal of gluccsinolates or lowering of the content of 
these compounds in RS to metabolically insignificant levels 
for the animal consuming RSM should remove the majority of 
the inhibitory effects on growth observed when RSM is fed to 
monogastric animals, particularly pigs (Bowland, 1965). A 
low level of glucosinclate should thus markedly increase 
nutritive value of RSM and lead to recognition of RSM as a 


good source of supplemental protein in the diet of pigs. 


Recent rape breeding work in Canada and elsewhere has 
resulted in the identification of a variety of Be napus 
from Poland, Eronowski, which has a lower level of 
glucosinolates than other varieties of rape (Kondra and 
Stetansson, (9702 Appelquist, 1972; Finlayson et al, 1973): 
Although this cultivar is not well suited to Canadian 
conditions, it has served as a valuable source of genetic 
material for improved low-glucosinclate, low-erucic acid 
cultivars, such as Tower, which also have improved agronomic 


characteristics (Downey et al, (1975). 


Although little information is available on _ the 


nutritive value of low glucosinolate, low-erucic acid meals, 
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a considerable number of recent publications on the 
nutritive value of Bronowski RSM are now available. A 
review of this information is of value since Bronowski: is 
the most likely source of low-glucosinolate genes in rape in 
the near future (Downey et al, 1975). The available 
information on the nutritive value of Tower RSM (00-RSM) 


will be included in this review. 


Genetic crosses of Bronowski with other RS cultivars 
containing average amounts of glucosinolates indicate that 
the glucosinolate ccntent is greater than Bronowski but 


considerably less than the other high glucosinolate parent 


(Downey et aay 1975) Wetter (1965) determined 
glucosinolate levels in Be campestris and B. hapus from 


Canadian sources and found variation in the levels cf both 
species: ITC-4.uU-7.2 (mean 5.4); OZT-0.9-2.1 (mean 1.2) ng/g 
for B. campestris and ITC-3.0-4.6 (mean 3.6); OZ2ZT-3.0-5.4 
(mean 4.6) for Be. napus. Both Wetter (1965) and Clandinin 
et al, (1959) report that B. campestris had lower levels of 
OZT than Be. napus. Appelquist (1972) has published an 
extensive listing of the glucosinolate contents of European 
winter and summer cultivars of both species of rape. Values 
for total glucosinolate content expressed aS gluconapin and 
progoitrin ranged from 4.3-7.8 mg/g (mean 5.7) of dry matter 
in the meal. B. campestris values ranged from 3.3-4.3 


(mean 3.6) mg/g and Bronowski ranged from 0.2-3.6 (mean 1.5) 
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mg/g. The values for Bronowski are clearly less than medium 
glucosinolate varieties reported by Wetter (1965). These 
values have been confirmed by Josefsson (1975) who found 
lower levels than the mean values quoted above. These 
reports effectively demonstrate the decrease in 
glucosinolate content of RS due to advances in Cape 


breeding. 


Bell et al, (1972) determined the major glucosinolates 
in RSM from a number cf cultivars of rape including 
Bronowski (Table 1). The inclusion in this study of several 
species of rape gave a range of levels of OZT plus ITC and 
the effects of these genetically determined combinations of 
glucosinolates were evaluated by considering growth rate and 


thyroid histology of rats and mice. 


It is evident in Table 1 that Browowski contained very 
low levels of gluccsinclates while Oriental mustard or 
Yellow Sarson (a Be campestris cultivar) contained high 
levels of ITC but no OZT. Target (Be. napus) contained high 
levels of OZT. Nitriles were produced by treating Target 
with ferrous sulfate. No Significant differences cn body 
weight gain, feed intake (FI) or feed conversion efficiency 
(FCE) were observed when either Broncwski or casein was used 
as a protein source in the diets of rats or mice. Growth 
rate and histopatholcgy of the thyroid gland were affected 


by the inclusion of the rapeseed meais other than Bronowski, 
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but effects were much more pronounced with diets containing 


high glucosinolate RSM (Target). 


Essentially the same findings were reported by Lo and 
Hill (1971b) for the growth promoting effects of Bronowski 
RSM but thyroid weights were significantly (P<.05) greater 
than controls fed casein. Also !25{f uptake was more rapid 
in thyroids of rats fed Bronowski meal and release rate of 
125T as thyroid hcrmone was slower than rats fed control 
diets. Rats fed high glucosinolate B. hHRapus RSM _ showed 
125] metabolism patterns similar to controls but ata 
reduced rate. Later studies by Lo and Bell (1972) with RSM, 
but not including Bronowski showed that growth of rats was 
depressed and 125I uptake and release was also depressed by 
high glucosinclate B. napus RSM. The results suggested 
that RSM inhibited iodine uptake; organic iodination and 
coupling of tyrosine residues. Since RSM contains both OZT, 
which is a thionamide, as well as thiocyanate, these results 
can be attributed to the previously outlined effects of both 
CZT and ITC. Interpretation of the growth data in the 
Beporerot bo and Bell (1972) is difficult since the diets do 
not appear to be either isocalcric or isonitrogenous. The 
apparent confounding of the nutritional aspects of this 
trial should not, however, affect the validity of the 
results of thyroid inhibition by RSM. Earlier work had 


indirectly demonstrated similar thyroid inhibition by the 
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glucosinolates present in RSM (reviewed by Bell and Belzile, 


1965). 


The goitrogenic effect of Bronowski demonstrated by Lo 
and Hill (1971b, 1972) is not unexpected since the majority 
of the glucosinolates present in RSM of Bs. napus origin is 
progoitrin (Van Etten et al, 1966; Bell et al, 1972). This 
compound is known to be a more pctent goitrogen than the 
isothiocyanate glucosinolates (Bell and FEelzile, 1965; 
Tookey et al, 1965) primarily as a result of inhibiting the 
tyrosine coupling reaction as well as inhibiting iodination 
of tyrosine (Green, 1971). As was previously mentioned, 
Krusius and Peltcla (1966) demonstrated that chronic 
administration of as little as 0.5 ug/day of purified OZT, 
i.e., the hydrolytic product of progoitrin, caused thyroid 
enlargement in rats. As part of the same experiment, single 
doses were orally administered as opposed to continuous 
dosage. It was demcnstrated that 0.1-0.5 mg OZT per animal 
was required to show a significant effect (P<.01) cf one 
oral dose of OZT on thyroid function as evidenced by uptake 


of 1317, 


It is of interest to compare the levels of intake of 
glucosinolates in the work of Krusius and Peltola with other 
reports. Using the values for glucosinolate content and 
feed intake given by Lo and Hill (1971b), and assuming the 


values given for gluccsinolate content of their diets are in 
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mg/g of diet and not percent as stated, the daily 
glucosinolate intake of the rats used by Lo and Hill can be 
calculated. The glucosinolate content of the Bronowski diet 
was 0.3 mg/g and FI was 222.4 g for 21 days. The daily 
intake of glucosinolates of rats fed the Bronowski diet was 
EHenees. 2° ng/day. For rats fed a RSM diet containing 
commercially available B. napus and consuming 76.8 g of a 
diet with a gluccsinolate content of 2.6 mg/g, the 
glucosinolate intake would have been 9.5 mg/day. Lo and 
Bell (1972) found that hydrolytic products of glucosinolates 
Nadsvainost 122.5 ‘times the potency of the glucosinolates in 
RSM, therefore, the above values would have to he reduced to 
approximately 1.3 mg and 3.8 mg/day for Bronowski and 
commercial B. Napus diets to make even a every rough 
comparison with the values of Krusius and Peltola (1966). 

This work does indicate, however, that considerable amounts 
of goitrogen were being consumed by the animals even on 
Bronowski RSM. These levels of goitrogen may be sufficient 
to cause thyroid enlargement and inhibition of thyroid 
function when consumed on a chronic basis as evidenced by 
the work of Krusius and Peltola (1966). The difference in 
daily glucosinolate intake could perhaps explain the 
difference in 21-day gain of 95.3 g for Bronowski-fed rats 


and 9.5 gm for commercial B. napus. 


Josefsson and Munk (1973) investigated the shape of 
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dose-response curve of glucosinclates in RSM in mice by 
using segregating F-2 lines from crosses of Bronowski and a 
high glucosinolate rape to produce different gqlucosinolate 
levels. Weight gain, feed intake and protein efficiency 
ratio showed virtually a linear dose-response relationship 
between 17 and 3 mg ITC + OZT/g of diet with a correlation 
coefficient {r) of 0.85, 0.78 and 0.81 between ITC + O2ZT 
levels and gain, FI or protein efficiency tcatio, 
respectively. No effect on these parameters was noted when 
diets contained less than 1 ng/g of diet. Josefsson (1975) 
evaluated the growth inhibiting effects of unheated, low- 
glucosinolate (0.9 gm/g) Bronowski RSM in mice. Growth of 
mice was markedly depressed on Bronowski RSM in which 
autolysis of the glucosinolates by the hative 
thioglucosidase system occurred, compared with properly 
heated RSM or meal in which autolysed glucosinolates had 
been removed with methylene chlcride. Growth of mice fed 
heated Bronowski RSM was Similar to casein-fed controls. 

Nitriles were identified in extracts of autolysed meals but 
CZT and ITC were not present. The toxicity of nitriles in 
the amounts which could theoretically be froduced fron 
Bronowski RSM was shown directly to account for the growth 
depression observed. This work explains the previous 
findings of Josefsson (1974) that growth of mice fed diets 
containing unheated Fronowski RSM was inferior to animals 


fed heated meal. This work is supported by the findings of 
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Tookey et al (1965) and Van Etten et al (1969) who 
demonstrated that such nitriles were much more toxic than 
OZ T Song VLTC. The results suggested that the growth- 
inhibiting effect of unheated, low-glucosinolate RSM was 
Mainly due to the presence of factors, suggested to be 
enzymes, that direct the autolysis of glucosinolates toward 
nitrile production (Josefsson, 1975). It may be of 
particular relevance, considering the above findings by 
Josefsson (1975), that in the animal, hydrolysis in the 
stomach occurs in very acid fH conditions and at body 
temperature, conditions which Van Etten (1969) found were 
conducive to nitrile formation when autclysis of RSM 
occurred. Lo and Bell (1971) showed that OZT and ITC were 
the main products of hydrolysis of glucosinolates in heated 
meals and that those products were released slowly over a 
period of several hours resulting in a lower glucosinolate 
Uioed "ate the animal than from unheated RSM. Recently 
Marangos and Hill (1974) demonstrated that myrosinase 
activity occurs in gut microflora thereby elucidating the 
method of hydrolysis of glucosinolates in heated meal where 


the native myrosinase had been inactivated. 


The important implication of the toxicity of unheated 
low-glucosinolate RSM is that such toxicity is due to 
nitrile production. Large amounts of unheated low- 


glucosinolate rapeseed should net therefore, be fed to non- 
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ruminant animals. Also, volunteer rape even of low- 
glucosinolate cultivars may continue to be a problem in 
Swine nutrition. 


Rapeseed Meal _as_a Source of Protein for Pigs 


———- a — = =. 


Monogastric animals such as swine require a dietary 
source of protein sufficient to meet their essential amino 
acid requirements. (Quantitatively it is necessary to supply 
sufficient amino acids to meet the genetic potential of the 
animal to synthesize protein as well as to meet requirements 
qualitatively in terms cf amino acid availability. In 
Canada the main source of protein for swine is SBM, however, 
a great deal of research has been conducted to determine the 
value of RSM in pig diets. The primary interest is economic 
as RS can be extenSively grown in Western Canada, whereas 


soybeans cannot. 


Recent publications (Clandinin et al, 1972) on RSM and 
SBM from Canadian sources indicates that the amino acid 
pattern of RSM is Similar to SBM when calculated as a 
percent of the prctein. Crude protein (CP) levels of RSM 
are 35-37% vs 45% for SBM with hulls (Clandinin et al, 1972) 
or 48.5-50% for dehulled SBM (NAS-NRC, 1973). Because of 
the difference in prctein levels, amino acids in RSM on an 


"as fed" basis are lower than in SBM. 
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RSM_for_ young pigs 


The young pig requires a highly nutritious readily 
acceptable diet of at least 18% CP (Meade et al, 1965) and 
3500 kcal of digestible energy (DE)/kg for maximum 
performance (NAS-NRC, 1973), although O'Grady and FEowland 
(1972) obtained satisfactory performance with 3.2 to 3.4 
Mcal/kg in 18% CP diets. The young pig must contend with 
the shock of weaning which usually results in a growth 
depression for 7-10 days (Smith and Lucas, 1956; Okai and 
Aherne, 1976). Although little information is available on 
use of RSM for very young figs, Hussar and Fowland (1959a) 
did not find any depression of feed intake from use of RSM 
in the diet if 3 week old pigs were not given a choice of 
diets. However, pigs of this age consumed less of a RSM- 
based diet compared with SBM if given a choice of diets 
containing RSM at levels frem 0 to 10% of the diet. In more 
recent studies Manns and Bowland (1963), using pigs of 9-23 
kg observed that when all of the SBM was replaced on an 
isonitrogenous basis by solvent extracted B. campestris RSM 
in diets with 17% CP, average daily gain (ADG), FI, and FCE 
were significantly (P<.05) depressed. A recent tCeport by 
Bowland (1974a) using 11.5% Bronowski RSM in diets as a 
complete replacement for SBM has not shown any depressing 
effect on growth parameters for barrows from 6 to 12 weeks 


of age but ADG, FI and FCE were significantly (P<.01) 
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depressed for gilts. There were no differences between 
sexes in digestibility which would account for the effects 
in gilts. In another study, Bowland (1974b) found that pigs 
fed the "accepts" fraction of air-classified RSM aSa 
partial or complete replacement for SBM grew more slowly and 
consumed less feed frcem 3-14 weeks of age than pigs fed SBM. 
Work by Bowland (1975) using 19.5-22% 00-RSM as a complete 
replacement for SBM in starter grower diets has not shown 
any Significant depression in performance of young pigs. 
Bowland et al (1975) also fed O0-RSM in partial replacement 
for SBM or faba beans aS a protein supplement atlevels of 
3.7-14.5% of the diet and did not find any depressing 
effects of OO-RSM cn performance. 


J RSM for gqrowing and finishing pigs 


Hussar and Bowland (1959a) Ponsa that less than 10% RSM 
of B. napus origin did not depress performance of growing- 
finishing pigs but at a 10% level, reduced rate of growth 
and inferior FCE in figs was nected. Manns and Bowland 
(1963) reported significant (P<.05) reductions of ADG, FI 
and inferior FCE frem 23-50 kg liveweight when 50% or 100% 
of the supplemental protein came from B. cCampestris type of 
RSM. Addition of 0.2% L-lysine to diets containing 100% RSM 
as a protein supplement was without any significant effect 
on performance. The 100% RSM supplementation provided 15.6% 


and 9.6% of the total diet derived from RSM fer growing and 
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finishing diets, respectively. The RSM used in the studies 


in the above report were high giucosSinolate varieties. 


Omole and Bowland (1974a) found no Significant 
differences in ADG, FI, FCE or digestion coefficients in 
diets containing 14.5% protein level frcm either RSM or SBM 
from weaning to market. Similar results were found in a 
second experiment using Bronowski RSM (Cmole and Bowland, 
1974b) . It is interesting to note that in the above work 
which was designed to study copper and zinc supplementation, 
no differences due to mineral supplementation were noted in 
growing pigs but -McLaughlan et al, (1975) noted a severe 
transitory zinc deficiency in rats just prior to and at 
parturition which was attributed to very high phytate levels 
in RSM. Although results in growing pigs cannot be directly 
compared to rats at parturition, the report of McLaughlan et 
al (1975) indicates that factors other than glucosinolate 


may be important regarding utilization of RSM by animals. 


Bell (1975) found no significant differences in pigs 
from feeding Bronowski RSM or SBM on performance or carcass 
characteristics but ADG, FI and FCE were significantly 
(P<.05) depressed on diets which contained Span, a low 


erucic acid, medium-high glucosinclate RSM of Be. campestris 


type. 


Studies by Orok et al (1975) showed that ADG, FI, and 
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FCE were Significantly (P<.05) reduced when Span RSM 
completely replaced SBM in diets for pigs and rats. Bowland 
et al (1975) using double-low rapeseed meals from two 
sources found no significant effects of partial replacement 
of SBM by OO-RSM for pigs in the growing phase nor of 
complete replacement of SBM by 00-RSM in the finishing 
phase. In this report, all pigs were fed diets containing 
11% of SBM during the starting phase from 4 to 9 weeks of 
age and 5.5% SBM during the growing phase from 9 to 14 weeks 
of age. 


Crude fibre levels in RSM and SBM 


In Western Canada, particularly, the SBM used as the 
main protein supplement for livestock diets is usually 
produced fren dehulled soybeans. Theoretically, a 
comparison between dehulled SBM and RSM, which at the 
present time cannot be economically dehulled due to the 
small size of rapeseed, is not without bias. On the other 
hand, the facts are that dehulled SBM is the main protein 
source used in the feed industry and it is the standard 
against which alternative protein sources are compared in 
the field. Thus, although comparisons of RSM may be made 
against dehulled SBM, such comparisons should be evaluated 


in perspective of the materials being ccmpared. 


The significant implicaticn regarding the amounts of 


hull in RSM is the direct relationship of hulls to crude 
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fibre (CF) levels and the inverse relationship of CF to DE 
(Drennan and Maguire, 1970; King and Taverner, 1975). Saben 
and Bowland (1971) published values of 12.65-13.25% CF for 
RSM. DE values were found to be 2900 kcal/kg. In the same 
experiment, CF and DE values were reported as 6% and 3300 
kcal/kg respectively for dehulled SBM. Ccmparable values 
for SBM with hulls were given by NAS-NRC (1973) as 2.8% and 
3300°kcall DE/kg. 


Digestibility_cf RSM for pigs 


Hussar and Bowland (1959b) did net observe any 
Significant effects on apparent digestibility of dry matter, 
energy or nitrogen of pigs weighing 7, 28 or 60 kg, when fed 
diets containing 0, 2 or 10% RSM aS an isonitrogenous 
replacement for SBM. The highest level of RSM did cause a 
nen ed gateicant depression in body weight gain. Manns and 
Bowland (1963} observed a Significant reduction in 
digestibility of dry matter but not in energy or nitrogen 
digestibility for 34 kg pigs when 100% of supplemental 
protein came from RSM rather than SBM. Saben and Bowland 
(1971) in an extensive series of trials designed to 
specifically investigate DE levels in RSM, found DE levels 
of 93370 “keal/kg in the dry matter of RSM and 4370 kcal/kg 
for SBM. In a second report (Saben et al, 1971) 
corresponding values were 3210 and 4210 kcal DE/kg for RSM 


and SBM, respectively. May and Bell (1971), also in a large 
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comprehensive study, determined DE values on dry matter 
basis of 3355 kealykg for RSM but only 3734 kcal/kg for SBM. 
The difference in DE for SBM between these findings and 
those of Saben and Bowland (1971) and Saben et al (1971) may 
have resulted from use of dehulled 50% protein SBM by Saben 
and Bowland (1971) ccmpared with SBM with hulls used by May 
and Bell (1971) as noted from the dietary ingredients table 
of these reports. Energy digestibility coefficients of 67% 
for RSM and 87% for SBM were observed by Saben and Bowland 
(1971) while May and Bell (1971) reported 69% and 79% for 


RSM and SBM, respectively. 


Cho and Bayley (1970) have investigated apparent 
digestibilities in semi-purified diets using RSM or SBM as 
protein sources. Reductions were observed in coefficients 
of digestibility for dry matter, CF, energy and nitrogen of 
RSM vs SBM-based diets. Nitrogen retention and apparent 
biological value of RSM diets were lower than those for SBM 
diets. The-data in the report of Cho and Bayley (1970) 
indicate that digestibility of nutrients in RSM may be only 
85% of that in SBM. It is of interest to note that the SBM 
used by these workers was dehulled. CF was relatively less 
well digested in RSM than in SBM. Another factor in this 
work which may have influenced results was that diets were 
isocaloric on a gross energy basis but not on a DE _ basis, 


since DE coefficients were 74.9 for RSM but 85.3 for SBM 


= | 4 


Bc _ 7 re ij 


eat re ut Ta we whey — *) pee vanr De 


e" “6 ‘ rs. 
eer cee oe be SOFTEE no 14 jaa Soke OM 
. ai? if” (ane >4 [ ees vie = 
i 1 ee u nf : i) pedeen ong qaae rm 
i » rf : : 
i Ltcrerus ‘ot Z oe } ¥ by bee Hs 4 Sean 
| SUEDE) geod Gee 
| ° 
1 ¢ é ’ | { s qi 7 | (t a FT; 
= | : 
7 ’ jut 
a> I x : 
‘ yh r 
at | } pe | is 
‘ 
i] 4 d ' FE) 1 i 
} om. 
ri _ pa » Os iia ise 
: o9 Pa ee Sole sig PF [> 
a 
Ps ‘ », Se? vo! 
- 
rth af o, 7) 
i ! tv i t 
( i} hs 2 ] i j 
‘ ( ‘ " ¢rl its » 
- 
; ; ul tag wiouelst) .4FS 
; Va : le i> By ties se - 
, ate : per” 
isd? i ~.10 ol ‘~ iu ny - ae 
; : a We 


ae aa 
hay we na a. al 


ie. | eere 


azae \ pe ff 221) .% s Opi a 
— of 7 


Nay OOM 
4 


31 


based diets. Apparent digestibilities of amino acids ranged 
from 75-92.4% and were within the same range as those for 
other nutrients. Apparent digestibility of both lysine and 
methionine was 87% in RSM. For SBM, digestibility 
coefficients of amino acids ranged from 85-92% with a vaiue 
for lysine of 90.4 although digestibility of methionine was 
only 19%- Sarwar et al (1975) Similarly found true 
digestibilities of amino acids of Span RSM and certain RS 
isolates were less than those obtained for SBM or a soybean 
isolate for rats fed diets which were isocaloric on a gross 
energy basis. The other parameters of digestibility 
included by Cho and Bayley (1970) were not considered by 
Sarwar et al (1975). Reduction of digestibility was 
observed for RS isolates which should not have included 
appreciable amounts of fibre as well as for RSM compared 
with SBM or soybean isolates. The reduction of true 
digestibility for RS isolates was, however, less than with 
RSM, but weight gain of rats fed both RS and soybean 
isolates oe less than the corresponding meals. This effect 
was attributed by Sarwar and Bowland to losses during the 
isolation process. The suggestion from this work was that 
lysine particularly, as well as nitrogen availability, was 
lower in RS derivatives than in soybean products. The 
effects of energy levels on these results cannot be 
evaluated since it is not known if the actual DE levels 


received by the animals were different. 
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No depression of was found for diets containing 
BronowsSki RSM (Bowland, 1974a; Bell, 1975) or for two 
unlicensed 0O0-RSM varieties ccmpared with SBM (Bowland, 
1975; Bowland et al, 1975). Also, no depression of 
digestibility of diets containing Span RSM was observed by 
these authors. Sarwar and Bowland (1976) found that 
apparent digestibility of protein was 84% while apparent 
lysine digestibility was 78% with a level of 14% O0O-RSM in 
the diet. With 7% supplementation of RSM in diets based on 


white wheat flour, digestibility cf lysine was 72%. 


The general conclusion that can be drawn from these 
reports is that the digestibility coefficients of diets 
containing high levels of RSM may be reduced to a 
Significant déegree in ccmparison with de-hulled SBM-based 
diets. However, when fed at common levels of uSage, no 
Significant reductions of digestibility should occur in 
isocaloric diets. At high levels of supplementation, 
reduction of apparent digestibility may occur for dry 
matter, energy, nitrogen and amino acids as shown by the 
work of Manns and Bowland (1963), Cho and Bayley (1970) and 


Sarwar et al (1975). 


In summary, the net effect of RSM in the diets of 
starting, growing and finishing pigs appears to be related 


to glucosinolate level with a marked difference in 
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performance of pigs fed low and high glucosinolate varieties 
of RSM. It is clear that reduction of levels of these toxic 
compounds greatly improves FI, ADG and FCE, even when RSM 
completely replaces SEM. it has, however, been noted that 
although significant differences were usually not observed 
when low glucosinclate Bronowski RSM was completely 
Substituted for SBM, there were certain inconsistent results 
for the sexes (Bowland, 1974a), and with high and low hull 


fractions (Bowland, 1974b). 
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OBJECTIVES 


The present experiments were designed to investigate 
the nutritive value cf O00-RSM (cultivar Tower) for starting, 
growing and finishing pigs and to determine the effects of 
OO-RSM on thyroid functicn compared with commercial RSM and 


SBM. 
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PART 1. NUTRITIVE VALUE OF DOUBLE-LOW RAPESEED MEAL 
AS A SOURCE OF PROTEIN FOR STARTING, GROWING 


AND FINISHING PIGS 


Introduction 


Considerable information has been obtained with pigs 
and rats on the nutritive value of the low glucosinolate 
rapeseed cultivar Bronowski but informaticn is limited on 
varieties which are agronomically better suited to Western 
Canada, and which will be used in commercial production of 
LTapeseed in the future. Bowland (1975) and Bowland et al 
(1975) reported that 00-RSM could be satisfactorily used in 
diets for young pigs at much higher levels than were 
previously recommended for RSM with high glucosinolate 
levels. Moody et al (1976) reported similar results but 
Castell (1976) observed that perfcrmance was 7% less when 
pigs were fed diets ccntaining 154 Tower RSM from the 1974 
CLODP, compared with SBM. However, performance of pigs fed 
Echo or Target RSM, was 18% less than pigs fed SBM. These 
latter rapeseed cultivars are not low glucosinolate types. 
With the release for commercial production of the 00-RSM 
cultivar, Tower, it was considered desirable to extend the 
previous studies at The University of Alberta to a larger 
more definitive experiment including measures of growth, 


Carcass composition, digestibility and thyroid hormone 
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levels. 


The objectives of this study were to compare RSM froma 
low glucosinolate, low erucic acid cultivar Tower (00-RSM) 
and from commercially available rapeseed meal (C-RSM), from 
a low erucic acid, medium-high glucosinolate variety likely 
of Be. __ campestris origin, as partial Or complete 


replacements for SBM in the diets of starting, growing and 


finishing prdqs. 


Experimental 


Animals_and diets 


A total of eighty 3-4 week old crossbred (Lacombe x 
Yorkshire) pigs from The University of Alberta Swine 
Research Unit averaging 5.3 kg in weight and with equal 
number of barrows and gilts were allotted to five 
experimental diets (Table 2). The experiment was carried 
out in two time periods (April to September, 1975 and July 
1975 to January, 1976) with 40 pigs in each period. Data 
will be presented on the ktasis of a starting feriod from 4- 
10 weeks of age, a gtcwing period from 10-15 weeks and 


finishing period frcm 15 weeks to market. 


Pre-weaning management followed the standard practice 
at this unit as outlined by Aherne et al (1974). A standard 


creep feed was allowed during the suckling period and males 
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were castrated at 10-14 days of age. All pigs were weaned 
at 3 weeks of age. An approximately one week adjustment 
period was allowed during which time pigs were assigned to 
treatment and introduced tc the experimental diets. The 


experiment commenced at 4 weeks of age. 


During the starting and growing phases, two pigs (one 
barrow, one gilt) were kept in each pen (0.6 x 1.2 no) on 
partially slotted concrete floors. Feed was available ad 
dibitum from self-feeders. Two pairs of pigs which had been 
fed the same diet were grouped together during the finishing 
period in pens with concrete floors meaSuring 1.5 x 4.2 nm. 
Individual _Seealtine stalls were provided in the front 1.5 no 
section of the pen. Each pig was allowed access to the diet 
for two periods of 1 hour per day during the finishing 
phase. Water was available free-choice in each pen. 


Environmental temperature was maintained at 21-23 C. 


Diets were formulated to be isonitrogenous and 
isocaloric an a DE basis and to meet the recommended 
nutritional requirements of pigs (NAS-NRC, 1973) during the 
three phases (Table 2). Proximate analyses of diets are 
given in Table 3. The experimental diets were based on 
barley and wheat and ccntained as supplemental protein 
sources either Tower double-low RSM (00-RSM) from the 1974 
rob C49 § 9 year, commercial RSM (C=RSM) SEM or 50:50 


isonitrogenous ccmbinations of 00-RSM or C-RSM plus SBM. 
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Nutrient compositior of the protein sources is presented in 


Table 4. 


Diets were formulated to contain the following nutrient 
levels; starter, 18% CP and 3170 kcal DE/kg; grower, 16% CP 
and 3vS5 Keal DE/kq; and finisher, 14% CP and 3130 


kcal/DE/kg. 


Feed consumption and body weight were determined on a 
weekly basis throughout the experiment. Pigs were marketed 
through a commercial slaughtering plant as they reached an 
individual weight cf 85 kg on the weekly weighing except 
that the lightest animal in each pen of four pigs was 
marketed when the next heaviest reached 85 kg. All 
carcasses, except one in the C-RSM group, were graded by 
Canadian Hog Carcass Valuation System (CDA, 1969). The 
animal not marketed failed to grow normally and was 
submitted for necropsy! at the termination of the 
experiment. No clinical or histclogical evidence of disease 
was found to account for the abnormally slow rate of growth 
Of this. pig. 

Metabolic studies 


Digestibility of diets 


Estimates of apparent digestibility of energy and 


re ee ec ee ee ee ee eee 


iyveterinary Services Branch, Alberta Agriculture, Edmonton, 
Alberta. 
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Table 4. Proximate analysis and amino acid 


composition of protein sources 


Protein source spe O0={RSM C=RSM 
as fed in protein as fed in protein as fed in protein 
% % % % % % 

Dry matter 91.4 92.5 92.1 
Crude protein 48.6 38.6 33.2 
Fibre 4.6 12.3 13.1 
Fat 24 2el 2<2 
Calcium 0.31 0.59 0.77 
Phosphorus 0.70 F505 a La 
Selenium (ppb) 371 1580 385 
Amino acids 
Essential 
Arginine 3.46 felc Feet i 5.90 1.86 5.63 
Histidine 1.29 2.66 ims Catt 0.90 2.74 
Isoleucine 1.50 3.09 1.47 Seo 27 BeS 
Leucine 3.5 7037 2.64 6.88 2.19 6.62 
Lysine S.0k0 6227 2elk ee 1.93 5.0 
Methionine 0.66 2.86 0.74 ae 0.64 3.83 
Phenylalanine So 8.14 oe 6.43 Pao 6.44 
Threonine 1.99 a 1.70 kek5 1.46 4.20 
Valine euck 4.80 $295 5.01 1.64 4.97 
Non-essential 
Alanine 2.08 | 4.28 1.70 44k 1.45 4.37 
Aspartic acid Seo ae 2.74 7216 2.26 6.80 
Cystine 0.38 0.78 0.48 ie 0.32 0.95 
Glutamic acid Bere 16.73 6.39 16.68 55k 16.09 
Glycine 2.05 4.22 1.88 4.91 1.60 4.81 
Proline <2 5.20 2.46 0.42 2ek5 6.43 
Serine 2045 5.04 1.69 kedl 1.40 4.22 
Tyrosine 1.52 5.25 0.69 2.52 0.81 2-43 
Oxazolidinethione 

ng /E -- -- 0.9 2.0 
Isothiocynates 

mg /€ — — 5 re 3e& 


# SBM= soybean meal; OO-RSM= rapeseed meal from Tower rapeseed (low glucosinolate, 
low erucic acid); C-RSM= commercial rapeseed meal. 
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nitrogen were determined between 9 and 10 weeks of age. 

Digestibility determinations were made using a male and a 
female in each of the 2 replications within the 2° tine 
periods, The total collection method outlined by Castell 
and Bowland (1968) was followed except that 10 metabolism 


crates were used in each replication. 


A 3-day adjustment period was allowed followed by a 3- 
day collection of feces and urine. Pigs were fed 3 times 
per day during the digestibility trial at a level of 90% of 
the mean daily feed intake of the pair of pigs in the same 
pen in the previous week. The pigs weighed an average of 


15.1 kg during the period of collection. 


The entire 3-day feces of each pig was stored and 
representative samples were oven-dried! at 60 C for 72 hours 
and then ground in an 8-inch laboratory mill2. 
Representative samples of urine were freeze-dried? (shelf 
temperature -38 C for 48 hours) prior to analytical 


determinations. 


Gross energy was measured for feed, feces and urine 


using a Parr adiabatic oxygen bomb calorimeter’. 


1Style V31, Dispatch Oven Co., Minneapolis, Minn., U.S.A. 
2Christy and Norris Ltd., Chelmsford, England. 

3Repp Sublimator, Model SRC42, Division of Virtis Co., Inc., 
Gardiner, New York. 

Parr Instrument Co., Moline, Illinois. Temperature changes 
registered by a Brown Electronik Recorder, Minneapolis-Honey 
Regulator Co., Philadelphia, Penn. 


"9 
= 
7 
. 
- 
- 
> 


‘3 mane fk _ vin. Y Apis) Te 
ee i. dae - 7 


i aa “ 


; =a a 7 


: ' qe ) av ve fer 6 yi Pals 2 it it 7 ; 
» is : : 2 
: 7 a aw xi + on ju hier tas dé ‘veut ie . 
it if ; ne A } 4 c n 
; Han? Hees ik Teal | + ott Xo’ He = Pree te 


/ t aye pl iia P co if e7% : 
a J eas 
' y ry Vv Lot dp \ feaer) 1b i '9t u 


2 Loa 4 one’ ts Anep o> Ie 
7 


43 


Appropriate analyses of dry matter, total Kjeldahl nitrogen 
and CF of feed, feces and urine, were made according to the 
methods of A-0.A.C. (1970). A commercial "Kel-Pak"1 was 
used to supply the catalyst for nitrogen determination and 
ammonia was collected in 4% boric acid. 


mino_ acid _ analyses 


ee SS Se eee — 


Amino acid analyses of the diets (Table 5) and _ feces 
were obtained with a Type 5AH amino acid analyzer? following 
the methods outlined by Orck (1973). 


Thyroid hcermone studies 


Following the digestibility trials, all pigs in the 
study were bled by anterior vena cava puncture (Carle and 
Dewhirst, 1942) 4 hours after feeding a meal based on the 
average daily feed intake (ADF) cof the previous’ week. All 
bleedings were preceded by an overnight fast of 15-16 hours. 
All feed not consumed Within 30 minutes was removed and the 
amount consumed was recorded. Approximately 15 ml of biood 
waS withdrawn using 17-gauge, 4-inch (10 cm) needles and 20 
ml plastic syringes. Blood was transferred to test tubes 
and allowed to stand for 20 minutes prior to centrifugation 
at 2,500 rpm (1.01 g) for 10 minutes. Serum was then stored 
at -20 C in sealed tubes fcr 1-3 months prior to analysis. 


iMatheson Scientific, Fast Rutherford, New Jersey. This 
supplied a mixed catalyst containing 
2Japan Electron Optics Co., Ltd-, Tokyo, Japan. 
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Table 5« Amino acids provided by experimental diets and 


amino acid requirements of starting pigs 


Treatment no. 1 2 % k 5 
Protein Source spy 00-]RSM 00-jRSM C-RSM C-RSM Amino Acid Require- 
+SBM +SBM ments (NAS -NRC, 
1973) 
(5-10 kg) (10-20 kg) 

Crude protein % 177 17.8 18.0 17.9 18.1 

Amino acids % 

Essential 

Arginine Oe 0.96 0.99 0.93 298 0.28 0.23 
Histidine © 06 h2 0.43 0.42 O41 0.42 0225 0.20 
Isoleucine 0.68 0.64 0.67 0.64 0.66 0.69 0.56 
Leucine ww 3LAGAl Waal?! 1.39 ia sul IL Gy) O65 0.68 
Lysine 0.84 0.80 0.82 0.87 0.87 0.96 0.79 
Methionine 0.25 0.29 0.27 OG Sil 0.28 -- as 
Phenylalanine 0.80 OS7Al O7/S) 0.71 Des a a 
Threonine 0.62 0.68 0.65 0.69 0.65 0.62 0.51 
Valine 0.79 0.84 0.82 0.82 0.80 0.69 0.59 
Methionine + 

cystine 0.42 0.50 0.47 0.48 0.45 0.69 0.56 
Phenylalanine + 

tyrosine 33 1.19 a O7 els 1.06 Neae 0.69 0.56 
Non-essential 
Alanine On7 Ons » Wait 0.73 0.71 
Aspartic acid 1.49 1.17 ZS} LedlS Wass 
Cystine 0.17 0.21 OG 7A0) One7 Oe, 
Glutamic acid Bae iio 3.56 345 3.62 

Glycine 0.72 0.79 Ons 0.81 0.76 
Proline iO 1.39 ks Zt WA Sy2 Wp SF 
Serine 0.82 0.76 0.78 0.76 0.79 
Tyrosine 0.39 0.36 0.38 0.35 0.357 


Z SBM = soybean meal; OO0-RSM = rapeseed meal from Tower rapeseed (low gluco- 
sinolate, low erucic acid); C-RSM = commercial rapeseed meal. 
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Analyses of triiodothyronine uptake (T-3 uptake), 
triiodothyronine cradioimmunassay (T-3 RTA) and 
tetraiodothyronine (T-4) levels were conducted by a 
commercial laboratory!, T-3 uptake was determined by the 
method of Leonards (1974) which is based on the competition 
between serum thyroxine binding ee toan (TBE) and Sephadex 
G-25 for 125]-triiodothyronine. This method estimates the 
percentage of free T-3 by determining the excess binding 
sites on TBE in competition with the Sephadex column for 
25 7—7—-3. T-3 RIA was determined by radioimmunoassay 
procedure of Chopra et al (1971) and T-4 by the simplified 
radioimmunoassay as outlined by Krahn et al (1974). Both 
these procedures depend upon dissociation of thyroid 
hormones from thyroxine binding proteins and reaction with a 
fixed quantity of specific T-3 and T-4 antigens with 1#¢51-T- 


S20Re 4. 


A value designated T-7 was calculated as a free 


thyroxine index: 


——_ 


100 
Howorth and MacLagan (1969) suggested that this ratio was 


valuable to indicate relative changes in thyroid hormone 


pr. PLM. Krahn, Box 87, R-.R.#2, Site 9, Shetwood Park, 


2Dr. SP Hanson and Associates, Medical Laboratory, 
Edmonton, Alberta. 
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deveis where either 1-3 or T=-4) may be elevated and is 
therefore a gocd indicator of thyroid metabolisn. 


Glucosinclate determinations 


SS Sa 


Levels of glucosinolates for both the 00-RSM and C-RSM 
used in this study as weil as glucosinolate levels of all 
diets were determined using the method of Youngs and Wetter 
(1957)1. In this methcd oxazolidinethione (0ZT) is measured 
spectrophotometrically following isclation in diethyl ether 
from a methyl chloride system and isothiocyanates are 
measured by ccmparing the retention times with known 
standards on a gas-liquid chromatograph. Results of these 
analyses are included in Table 3 for the diets and in Table 
4 for the 2 sources of RSM used in this experiment. 


Statistical analyses 


Data were analyzed statistically using a multi-way 
analysis of eee (ANOVA) program available from The 
University of Alberta Computing Centre. Means were compared 
ee Duncan's Multiple Range Test (Steel and Torrie, 1960) 
preceded by a Significant F-test (Waldo, 1976). A 
probability of 0.05 was selected as the point of 
significance between means. The sources of variation were 5 


diets and 2 sexes. All sources of variation except periods, 


l1Analyses supplied by ODr. Z.P. Kondra, Plant Science 
Dept., The University of Alberta, Edmonton, Alberta. 


ae 


é taf; 


ck | 


ise 


aes 


= 
- 
r< i 
a 
aft? 
i 
i nd 
' 
@ 
’ 


des 


ts =* ‘ 7 . 
nihtigct (aaeed BS 
Exot be eet in alla 


oth. ig bon Loman 


» 
« 


os ) 5 
pare - ‘shoarkpoe 


fiev Ma whim a 


| 
: alt i@ 4) mire * hel 7° . 
| me | by 7 ; eq : 
ay = f > a 
" Lo 3 1? 


i rm 2 1) : a 7h 3 “> 


7 5 _ 


ae on 
» 


a) : 


— Va 
4 


uy 


replicates and animals were considered as fixed. Notations 
used to indicate level of significance are: x*(P<.05), 
ee techy) ee (P<. 00 1). Means not Significantly different 


bear the same superscript cr no superscript. 


In period 2, one pig fed the contrcel diet died during 
the starting phase of causes unrelated to the experimental 
treatment and one pig fed the C-RSM diet qrew abnormally 
slowly and was removed from the experiment. Mean 
performance and carcass values for the same dietary 
treatment, sex and period were substituted and two degrees 


of freedom for the error term were removed. 


During the finishing period, treatment mean squares 
were initially tested against pen mean squares Since four 
pigs on the same diet were contained in a single pen with 
individual feeding stalls. The pen mean square was tested 
against the reeset mean square and found to be non- 
significant, subsequently the two terms were fooled and used 
as the error mean square. Period and replicate mean squares 


were tested against the period x replicate mean Square. 


Results and Discussion 


The results are considered under the following 
categories: live animal performance, digestibility, carcass 


characteristics and thyroid hormone levels. 
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Live animal performance 


The three phases of growth considered in this 
experiment will be presented, fcllowed by a summary of the 
overall performance frcem 4 weeks of age to market weight at 


e5 ko « 


During the starting phase from 4 to 10 weeks of age, 
pigs fed the diets containing SBM or 50:50 isonitregenous 
mixture of OO-RSM and SBM (00-RSM+SBM) showed similar ADF, 


ADG and feed/gain ratic (F/G) as shown in Table 6. 


Replacement of all SBM by 0O0-RSM, C-RSM or a 50:50 
isonitrogenous mixture of C-RSM and SBM (C-RSM+SBM) resulted 
ina Significant (P<.05) decrease in ADF. With the 
exception of pigs fed the C-RSM diet, ADG and F/G were not 
Significantly different frcem those cbserved for the pigs fed 
the SBM diet but were, however, numerically less for pigs 
fed the 00-RSM and C-RSM+SBM diets. Complete replacement of 
SBM by C-RSM resulted in marked depression of ADG and F/G. 
Also, pigs fed C-RSM weighed significantly (P<.05) less at 
10 weeks than pigs fed other diets. Pigs fed O00-RSM and C- 
RSM+SBM weighed somewhat less than those fed SBM or 00- 


RSM4+SBM but differences were not statistically significant. 


No significant sex differences were observed in the 


starting period. Pigs were penned in pairs of 1 male and 1 
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female in the starting period, thus sex effects on ADF could 


not be determined nor could F/G te calculated. 


Pigs in period 1 (April-September, 1975) gained 
Significantly (P<.01) faster, consumed significantly (P<.01) 
less feed per unit of body weight and were significantly 
(P<.05) heavier at 10 weeks of age than pigs during period 2 


(July, 1975-dJanuary, 1976). 


The differences for ADG and F/G between periods are 
substantial although the same facilities and procedures were 
employed in both pericds. Pigs in period 2 were started 
during the summer months which may have resulted in 
undesirable conditiors in the barns although environmental 
temperatures were maintained within the desired range (21-23 
Cys Inspection of the weekly mean weights during the 
starting phase shows that a period of slower growth occurred 
during the penance and eighth weeks of age in feriod 2. 
This interval of slower growth did not occur in period 1, 
which may account for the period differences. AS no pigs 
were slaughtered at this time, it was not possible to check 


whether any acute or chronic disease condition existed. 


An explanation cf the slightly slower rate of growth of 
pigs fed 00-RSM compared with pigs fed SBM appears to be 
Celated to a Sugnificant (P<.05)) Ecedacticn in “ADF and 


inferior conversion of feed into body tissue although 
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differences between diets were not statistically significant 
for the latter parameter. The same explanation may also 
account for the similar results cbserved when 50% of the SBM 
was replaced by C-RSM. Differences between O0-RSM and C- 
RSM+SBM diets were not significant for ADF, ADG or F/G 
although these parameters were numerically, but not 
Significantly infericr tc performance of pigs fed the SBM 


and OO-RSM4+SBM diets. 


Reports by Hussar and Bowland (1959a) and Manns and 
Bowland (1963) suggested that no depression of performance 
occurred when up to 10% of RSM was included in pig starting 
diets. At levels greater than 10% RSM, significant 
depression of growth, feed intake and feed conversion 
efficiency wasS observed. The RSM used in these early 
studies had high glucosinclate ievels. Manns and Eowland 


(1963) reported OZT levels of 5.6 mg/g and ITC of 4.2 ng/g. 


Bowland (1974a) and Bell (1975) using the low 
glucosinolate RSM cultivar Bronowski, as well as Castell 
(1976) using Tower RSM, reported depression of performance 
of pigs fed low gluccsinolate RSM compared with SBM but such 
effects were much less severe than with Span RSM. However, 
Bowland (1975), using a 00-RSM which has now been licensed 
as Tower from the 1973 crop year, found 0O0O-RSM was 
satisfactory aS a complete replacement for SBM for young 


pigs. Growth of pigs fed 00-RSM as the scle source of 
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Supplemental protein in the current study was somewhat 
Slower but not Significantly less than pigs fed SBM although 
ADF was Significantly (P<.05) less. The partial replacement 
of SBM by OO-RSM resulted in performance not significantly 
different but slightly less than SBM-fed pigs. Perfcrmance 
of pigs fed’ the C—-RSM+SBN diet was sinilar to that of” pigs 


fed the QOO-RSM diet. 


One factor which must be kept in mind in interpretation 
c£ the results of the present study during the starting 
phase is that the levels of RSM in these diets were very 
high (Table 2) - The amounts of RSM used in the O00O-RSM and 
OO0-RSM+SBM diets were 25.3 and 11.9% and 31.3 and 14.1%, 


respectively for the C-RSM and O00-RSM+SBM diets. 


The high gliucosinolate levels of RSM are generaliy 
considered to be the main cause of the reduced performance 
when large SseTeS of RSM are fed (Bowland, 1965). The 
nutrient composition cf the two protein sources is shown in 
Table 4. This indicates that low levels of total 
glucosinolates were present in 00-RSM but rather high levels 
in C-RSM. Of the gluccsinclates in O0O-RSM, OZT comprised 
the major part. Krusius and Peltola (1966) and Lo and Bell 
(1972) have shown that OZT is a more potent goitrogen for 
rats than TIC. The results of the above’ mentioned 
researchers can be predicted based on the site of action of 


these two glucosinclates as reviewed earlier. OZT inhibits 
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the iodinaticn of tyrosine as well as the tyrosine coupling 
reaeedat to form thyronine whereas the main effect of ITC is 
to interfere with the uptake of iodide from the plasma. The 
latter iS a reversible reaction which can be overcome in 


some cases by higher iodine supplementation (Green, 1971). 


Krusius and Peltcla (1966) found that 0.5 ug/day of 
pure OZT when fed in the water was sufficient to cause 
thyroid enlargement in rats. Also, levels of 0.5 mg/day of 
CZT in a single dese interfered with 131I uptake. Lo and 
Hidl» €1991b) “found that diets containing O53 mg/g of total 
glucosinolates from Broncewski RSM resulted in a more rapid 
uptake of 1251 from the plasma and ina slower release of 
425T as thyroid hcrmone compared with rats fed casein. 
Josefsson (1974), on the other hand, reported that growth of 
mice was not affected if the total glucosinclate level in 
the diet from-RSM was less than 1 mg/g. The difference in 
these ete aay be explained by the fact that Krusius and 
Peltola (1966) fed pure compounds in the water whereas 
Josefsson (1974) fed heated RSM containing intact 
glucosinolates. It must also be kept in mind that Krusius 
and Peltola (1966) investigated thyroid response to OZT in 
rats whereas Josefsson and Munk (1973) fed RSM to mice. 
Thus, although routes of administration of glucosinolates, 
parameters measured and species tested were different, these 


reports do give scme indication of the range of 
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glucosinolates which may affect the thyroid and also 
indications of levels at which live animal performance may 
be affected. No similar studies have been made with pigs. 

it is not known if the levels of glucosinolates, 
particularly OZT, found in the 00-RSM diets (Table 3) are 
sufficiently high to alter thyroid metabolism in pigs but 


the possibility cannot be completely ruled out. 


RSM has a high CF level (Table 4) thus the 
recommendation that maximum CF levels should not exceed 3% 
for young pigs (ARC, 1967) was exceeded. As can be seen in 
Table 3, the fibre level for diets with complete replacement 
GE" SBM. “by RSM resulted in CF levels of 6.2% for OO-RSM and 
7.4% for the C-RSM diet. In the case of OO0O-RSM this high 
level of fibre in light of the very high levels of RSM used 
as a complete substitution for SBM could have been a major 
cause of the -poorer growth of starting pigs compared with 
animals fed SBM-based diets. Although the possibility 
cannot be ruled out that the level of residual 
glucosinolates present in the 0O0-RSM used in this study 
could have affected performance of pigs fed the 00-RSM diet, 
the fact that the depression which did occur was not large 
would indicate the cause was some factor with a consistent 
but small effect. Such effects were demonstrated for 
digestibility of the 00-RSH diet. Differences in 


performance of pigs fed 00-RSM diets compared with SBM, 
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although significant (P<.05) ©for ADF; are ot large: 

Boediae of the inverse relaticnship of DE and CF (Drennan 
and Maguire, 1970; King and Traverner, 1975), a major effect 
of high fibre levels is to lower DFE. The diets in the 
present study were formulated to be isocaloric on a DE basis 
by the addition of fat using data of Saben et al (1971) and 
May and Bell (1971). The effects of high levels of CF 
should be evident in differences in digestibility between 
SBM and RSM diets. Such differences should then be noted in 


Studies of digestibility which will be discussed later. 


Zhewhigh levels of fibre vin C]RSM- cannot. yaccount “fcr 
the severe depression of ADG and F/G ratios observed in pigs 
fed this diet. ADF was not significantly different frem 00- 
RSM or C-RSM+SBM diets but ADG and F/G were markedly 
depressed (P<.05) ccmpared with all other diets. In a 
comparative trial where animals and environmental conditions 
are Similar, growth can be considered largely as a function 
of feed intake and of the conversion ratio of feed into 
animal body tissue. Thus, the severe depression in ADG of 
pigs ‘fed C=RSM ‘diets can be attributed to a severe 
depression of F/G ratio. Considering the well-known growth 
depressing effects of high glucosinolate RSM in pigs and the 
high levels of RSM used in the C-RSM diet, the results in 
the present experiment are not unexpected. Manns and 


Bowland (1963) found that 10% of high gluccsinolate RSM 
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depressed performance of young pigs and the amounts of C-RSM 


used in the present study greatly exceeded that amount. 


Isonitrogenous replacement of 50% of the SBM by C-RSM 
resulted in a significant (P<.05) improvement of ADG and F/G 
compared with C-RSM. ADF was significantly (P<.05) and ADG 
and F/G slightly, but not significantly inferior to SBM or 
OO-RSM+SBM diets. Overall performance is quite similar to 
that of pigs fed 00-RSM diets. It is likely that 
glucosinolate levels in the C-RSM+SBM diet affected 
performance, but because lower levels of C-RSM were used, 
the results are similar tc the results of earlier work 
Teviewed by Bowland (1965) where a mixture of SBM and RSM 
often produced performance Similar to SBM diets. 


Growing phase 


Results during the phase from 10 to 15 weeks of age 
show Similar eaande to those observed in the starting phase 
and are summarized in Table 6. ADF was not significantly 
different for any diet aithough intake of C-RSM and C- 
RSM+SBM was slightly but not significantly less than other 
diets. ADG was greatest for the SBM and 00-RSM+SBM diets 
with the O0-RSM significantly (P<.05) less than the first 
two diets. C-RSM diets produced the lowest gain (P<.05). 
F/G was Significantly (P<.05) less for O00-RSM and C-RSM+SBM 
compared with SBM and 00-RSM+SBM diets. F/G of pigs fed the 


C-RSM diet was markedly infericr to other diets, as in the 
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starting phase (P<.05). Bedy weight at the end of the 
growing phase at 15 weeks was significantly (P<.05) less for 
pigs fed O0-RSM ccmpared with pigs fed the SBM diet. 

However, weight of pigs fed C-RSM was Significantly (P<.05) 


less than that of pigs fed all other diets. 


Significant (P<.01) sex effects were noted during the 
growing phase. Barrews gained an average of 0.61 kg/day 
While gilts gained 0.51 kg/day. MThis finding is typically 
observed in pig experiments during the growing phase 
(Bowland, 1974a; Bell, 1975). It was not possible to 
determine sex effects for ADF or F/G because limitation of 
facilities made it necessary to house pigs in pairs of 1 


male and 1 female as in the starting phase. 


Unlike the starting period, no Significant differences 
between the two periods were noted for ADF, ADG or F/G 


ratio. 


ADG and F/G of pigs fed 0O0-RSM were significantly 
(P<.05) inferior to pigs fed SBM and 00-RSM+SBM diets during 
the growing phase. However, for the C-RSM diet the 
depression was not as marked as during the starting phase 
although ADG and F/G were Significantly (P<.05) less than 
pigs fed other diets. Feed intake was similar for 0O0-RSM 
and SBM diets but was slightly reduced, although not 


Significantly, for both diets with C-RSM. FyG of pigs fed 
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C-RSM+SBM was intermediate compared to pigs fed 00-RSM and 


SBM-bkased diets. 


The similarity of trends in performance during the 
growing phase to those in the starting phase is evident in 
the moderate depression cf growth of pigs fed O00-RSM and C- 
RSM4+SBM but severe depression of pigs fed C-RSM diets 
compared with pigs fed SBM diets. In all cases, however, 
the depression was less severe than during the starting 
phase for pigs fed the C-RSM diet. Whether this effect was 
due to the lower levels of RSM used in the diets or is an 
age-related response in that the effects of RSM causes less 
interference with growth as the animal grows clder or due in 


part to both factors is not known. 


The results of ADF, ADG and F/G ratio during the 
finishing Deanne also presented in Table 6. ADF of the 
pigs receiving the diets containing SBM, 00-RSM and 00- 
RSM+SBM were not significantly different. Intake of the C- 
RSM diet was significantly (P<..05) less than all cther diets 
and intake of the C-RSM+SBM was intermediate between SBM and 
C-RSM. No significant differences in ADG were apparent for 
SBM, OO-RSM, OO-RSM+SEM or C-RSMtSBM diets. Gain of pigs on 
the C-RSM diet was significantly (P<.05) less than that of 


pigs fed all other diets. 
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Results of F/G for finisher are somewhat different from 
the starting and growing phases in that no significant 
differences were observed for this parameter. However, pigs 
fed C-RSM and C-RSM+SBM tended to consume the least amount 
of feed per unit of gain which is the opposite of the 


Situation in the starting and growing phases. 


It is apparent that the rate of growth of pigs fed the 
C-RSM diet was affected less during the finishing than in 
earlier phases of this experiment. The improved F/G of pigs 
fed C-RSM compared with pigs fed other diets during this 
phase may be accounted fcr in the relatively long time these 
pigs were fed the finishing diet. Ali pigs in each period 
were moved to the finishing pens on the same day, thus pigs 
fed C-RSM weighed less than pigs fed the other diets and 
consequently a greater proportion of the total weight gained 
during the triat is accounted for during the finishing 
period. Since it is evident frcom the data in Table 6 that 
greater amounts of feed were required per unit of gain as 
the animals grew clder, animals which were lighter at the 
start of this phase would have a greater proportion of the 
more efficient growth period at lighter weights accounted 


for in the finishing period. 


Sex effects during the finishing period were similar to 
the growing period. Barrows had significantly higher ADF 


(P<.001), ADG (P<.01) and inferior F/G (P<.01) compared with 
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females. ADG and F/G were significantly (P<.05) better in 
period 1 compared with results in period 2 during this 


phase. 


The previously observed effects of ADF and F/G 
ceflected in values of ADG are seen in the finishing period, 
aS in earlier phases. Although the best F/G was noted for 
C-RSM and C-RSM+SBM diets, the depressed intake of the C-RSM 
diet appeared to have resulted in a reduction of ADG 
compared with other diets (P<.05). It must be noted, 
however, that the differences in performance were all much 
less than in the starter or grower phase indicating that the 
deleterious effects of RSM were less severe with older 
animals. Another possibility is that the lower levels of 
RSM required to meet the protein levels during this phase 
accounted for the less severe effects particularly in pigs 
fed the C-RSM diet. As was indicated previously the effects 
of these two factors cannot tbe differentiated in this 


experiment. 


An important observation during the finishing phase is 
that ADF, ADG and F/G of pigs fed OO-RSM are much less 
severely depressed than in the starting and grcwing phases. 
This observation is ccnsistent with the previcusly mentioned 
possible involvement of high CF levels leading to a 
reduction in digestibility. It is known that high CF levels 


cause less depression of performance in older pigs than in 


‘a Li _% WS . i - wares a D a 
. i | “ i? | 
as na a 
is re ee rs ceed Lae 


1h relied ty RT as a 
7 2 pA @ nv y 9 M2785 
seit itl core ee | ; if : si 80 ie j ma " 
7 . ul . a 
i) - a 
. - 
a 
1¢a46 > viene te 
\ ‘ ‘ 
i ce TOK Boi senkav wv! ,ernee 
1 
iv.? Y » ADO gaseatg ck 
Pa | citeL® “Fr 4) | 
; ; wei ° bo?) <P aml 
Y . } § .& a YJ 1 4 
‘ 
' }] cr a ' 
‘> *) = i \ 
4 
i 4 
- 
\ it Saat af Saves 
: . 
' apf S| 7% a) awe a 
‘4 4 Pa re 
i 
{ f « 4) 4 
LAY? J j ii 2A a) ¢ — a 
pe Owe ai) one te HN 
‘ an it 2 eA teas 5 At me ne at 
ity a Deo 
‘7 , 


Te to ee tw ts ies au. 


ad 
me . 085 rhe) Mu mbn vie ar} sth 


_ 
boot! AMAR vkae avn BSE, 
mri aoe a Gute ng 
rt 


©) 


, a 


61 


young pigs (ARC, 1967). 


Comparison of the data during the growing and finishing 
phases indicates that some restriction of growth in all 
treatments probably occurred during the finishing phase. 
ADG was virtually the same as in the growing phase, whereas 
it would be expected to be more rapid during the finishing 
phase (NAS-NRC, 1973). In this trial the animals were 
individually fed during the finishing period fcr two 1-hour 
periods per day. In large studies conducted at several 
centres in England, Braude (1971) reported that rate of 
growth of growing-finishing pigs was not affected by feeding 
twor .or three times daily compared with ad libitum feeding 
but apparently pigs were not fed individually as in the 
present study. However, previous work at The University of 
ar herra {Bowland, 1966) suggested that performance may be 
lowered by individual feeding two times daily vs ad libitum 
feeding. Also, Bell (1975) reported that pigs fed Bronowski 
RSM showed a 16% increase in feed intake and 10% faster 
growth when fed ad libitum as compared with those fed 3 
times daily for a total period of one hour. A factor that 
may explain the growth rate depression observed as a result 
of individual feeding in the present study is that water was 
not available during the two feeding periods. Pigs were 
usually observed to be very thirsty when let out of the 


individual feeding pens. Water was not available to pigs 
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during the feeding period in the experiments reported by 
Bell (1975). One factor which must be kept in mind is that 
although the level of feeding in the present work and that 
of Bell was obvsiously restrictive for all pigs. The intake 
of pigs fed the C-RSM diet in the present study appeared to 
be less than that of pigs fed other diets. Thus, factors 
such as palatability of the C-RSM may have caused a 
reduction of feed consumption even under restricted feed 
intake. 


Overall performance 


‘The treatment order for number of days required to 
reach market weight closely approximated the crder for ADG, 
as would be expected (Table 6). Pigs fed the SBM diet were 
Shipped significantly (P<.05) earlier than pigs fed other 
diets, except O0-RSM+SBM followed by pigs fed 0O0-RSM+SBM, 
OO-RSM and C-RSM+SBM (P<.05). Pigs fed the C-RSM diet took 
Significantly (P<.05) longer than any other pigs to reach 
market weight. This parameter does reflect in a rather 
dramatic and meaningful way the differences in growth rate. 
Pigs fed 00-RSM and C-RSM+SBM on the average took 12 and 11 
days longer, respectively to reach 85 kg while pigs fed C- 


RSM reguired 22 days longer than those fed SEM. 


No significant differences were observed for ADF but 
ADG of pigs fed 0O0-RSM and C-RSM+SBM was significantly 


(P<.05) less than for pigs fed the SBM diet. ADG and F/G of 
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pigs fed the C-RSM diet was significantly (P<.05) inferior 
to pigs fed other diets. Pigs fed the 00-RSM diet tended to 
Show a poorer conversion efficiency than pigs on the SBM 
diet or partial substituticn of SBM with either source of 


RSM, but the differences were not significant. 


Sex differences for the overall data were similar to 
the observations during the growing and finishing phases 
with ‘Significantly infericr results for gilts compared with 
barrows for ADG (P<.001), and days-to-market (P<.01). As 
waS indicated previously, sex differences usually occur in 
Swine nutrition trials, with ADF and ADG of gilts being 


inferior to harrows, and F/G being better. 


Period effects were Significant for ADG (P<.05) and F/G 
(P<.01) which were better in period 1 than in period 2. No 
Significant differences were noted in ADF and days-to-market 


between the periods cn an cverall basis. 


The results of the present study agree with the work of 
Moody et al (1976) that partial replacement of SBM with 00- 
RSM does not result in any statistically significant 
reduction of ADF, ADG or F/G ratio. In the present study, 
however, performance of figs fed the SBM diet tended to be 
consistently better than pigs fed O0-RSMN+SBM. Castell 
(1976) found that 15.6% O0O-RSM as a partial replacement for 


SBM caused a 7% reduction in performance which is greater 
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than in the present study, even for starting pigs. Bowland 
(1975) found that 00-RSM could serve as a complete 
replacement for SBM but in the present study moderate 
depression in ADF, ADG and FyYG was noted although such 
differences were not statistically significant in all cases. 
Higher levels of OO-RSM were used in the present study than 
in any of the earlier experiments which would tend to 
magnify any differences of nutrient content of the protein 
sources. Also, the present work as well as that reported by 
Moody et al (1976) and Castell (1976) are based on work 
carried out with RSM of the 1974 crop year. The work of 
Bowland (1975). and Bowland et al (1975) was carried out with 
meal of the 1973 crop year. The year-to-year variation may 
account at least in part, for the apparent differences 
ketween experiments. 
Digestibility studies 


Apparent digestibility of diets 


Apparent digestibility of energy and nitrogen are 
presented in Table 7, In both periods, pigs receiving C-RSM 
were significantly (P<.05) lighter in weight than those fed 
other diets. Because of the lower weight of these pigs, 
feed consumption of the C-RSM diet was less than other 
diets. Also pigs in period 1 weighed Significantly (P<.001) 
more than in the digestibility trial in pericd 2. Results 


were, however, quite consistent and uniform within treatment 
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groups. Several authors at this and other stations have not 
found any effects of weight on digestibility within the 
limits of 19-60 kg (Cunningham et al, 1962; Lawrence, 1967; 
Saben et al, 1971; Bowland and Hardin, 1973; Bowland, 
1974a), thus the differences in body weight should not have 


influenced the results. 


Digestible energy (DE), metabolizable energy (ME) and 
digestible nitrogen (DN) were significantly (P<.05) lower 
£OE eUpigs fed the OO0O-RSM and C-RSM diets than for pigs fed 
the SBM diet. DE and ME of the OO-RSM diet were not 
Significantly different from diets with partial replacement 
of SBM by either source of RSM. DN of? OO0-RSM» and “C-RSH 
diets was reduced (P<.05) ccmpared with the SBM and 00- 
RSM+SBM diets. Digestibility of the diets with 50% 
substitution of SBM with either source of RSM was 
intermediate between the other 3 diets. Nitrogen 
retained/DN was greatest for the C-RSM diet and least for 
SBM or OO-RSM+SBM. Differences between the C-RSM diet and 
SBM and OO-RSM+SBM diets were Significant (P<.05). The 00-— 
RSM diet was intermediate. No Significant differences due 
to dietary treatment were evident in nitrogen 
retained/nitrogen nitrogen intake. DN/kg of diet was 
Significantly (P<.05) greater for the mixtures of protein 
sources than for either diet with complete substitution of 


SBM by RSM, while the SBM diet was intermediate. DE and 
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ME/kg of diet were not significantly affected by treatment. 
However, mean values for C-RSM for both parameters of energy 
digestibility are approximately 100 kcal less than other 


diets. 


Manns and Bowland (1963) observed a non-significant 
depression in DN and DE with diets containing 15.6% RSM as a 
complete replacement for SBM. No depression was noted from 
25 or 50 percent substitution of SBM by RSM. Cho and Bayley 
(1970), obtained lower digestibility of energy and nitrogen 
in diets supplemented with 9.6% RSM compared with those 
supplemented with SBM. Bowland (1974a, 1975) found no 
depression preeneray or nitrogen digestibility with either 


low-glucosinolate or Span RSM ccmpared with SBM. 


Sex effects were not Significant except for NR and N 
retained/DN (P<.05). Greater retention of nitrogen was 
observed for females compared with males. Orok et al (1975) 
reported Similar effects. Period effects were not 
significant. A significant sex x diet (P<.05) interaction 
occurred for ae! energy and nitrogen digestibility 
parameters. Inspection of the data suggests that a lower 
overall digestibility may have occurred in the 00-RSM diet 
for males than for females. This effect was not apparent 
for other treatments and was not found in digestibility 


studies in Part 2 of this thesis nor in Part 3 with rats. 


o> en + _— 
Ave hAr?) a hapeate + etdad 0 ‘ 


' ar. S 
| i bin ceed « og ae phe 
; 7 i i - 
’ 


- » a ne 
ome of teas Car yi ee ada iabae seo! 
. 26 | 


= = 7 
a Pek 
o¥ - 
- la a a 
= on meet act) ) hehe s% wns 
| Lalgicsov> 2toEb eae, tt 
: fod Madera Tite 
é wesc! e ten aq U2 
) went partanto y 
' A 
P iW a NG) Ee lagoa. s+ 
A . : 
, f \ j al a thtiev fat a La) 
SS 
2% mn IR (Yo R4 He Fo holzee Iger 
> 
1 3a 9 broomnt ps ¥ ©! 
i +! 
(20 .> 1} 
» > 28% xi * 
. eit 
5 id 1 ; if 
; mis : i #% 
( to ; e ' ; 7 oa 9 L- melt roadie, aoe er oT} 


run see is au Og a joes ee Ree 


68 


Bowland (1971, 1972) found significant sex differences 
for DN and DE coefficients of pigs fed RS or RSM compared 
with pigs fed SBM but not in later work using 00-RSM or Span 
RSM (Bowland, 1974a; 1975). .Oreok” et “al, (1975) found N 
digestibility coefficients, N retention as a percentage of 
intake and N retained/DN were all greater for gilts than 
bkarrowS which was similar to the present experiment. Thus, 
it appears that differences between sexes may be noted in 


digestibility studies. 


eS ee ee ee ae ie SS 


Apparent digestibility of amino acids is presented in 
fable §. Significant (P<.05) differences of apparent 
digestibility were found for the following essential amino 
acids: arginine, histidine, isocleucine, leucine and 
phenylalanine. The non-essential amino acids aspartic acid, 
proline, serine and tyrosine also showed significant 
treatment differences aS did amino acid recovery as a 


percentage of total protein. 


The feature which apfears most striking of the data in 
the present report is the consistent trend for digestibility 
of amino acids in O00-RSM and C-RSM diets to be lower than 
other diets and generally to be similar to each other. 
Digestibility of amino acids in the SBM diet was generally 
best with intermediate results for the partial replacement 


of SBM with RSM. In some cases, treatment differences were 
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Significant and in some cases they were not but it is felt 
that the consistency cf the trend is the most meaningful 
feature. In all cases where significant differences were 
Observed, the above-mentioned trends were evident. Also, 
amino acid digestibility of the 00-RSM and C-RSM diets was 
Significantly (P<.05) less than the SBM diet in cases where 
Significant differences cccurred. It is also obvious that 
the trends observed in digestibility of amino acids parallel 
the differences between diets observed for other measures of 


digestibility. 


Significant differences of apparent digestibility for 
certain eeen al amino acids appear to be associated with 
their known interrelationships but this may cnly be a casual 
effect not related to treatment differences. For example, 
the basic amino acids arginine and histidine have 
Significantly (P<.05) greater digestibility in the SBM than 
in OO-RSM or C-RSM diets. Digestibility of these amino 
acids in the other two diets is intermediate. The branched 
chain amino acids iscleucine and leucine as well as the 
phenolic amino acids phenylalanine and tyrosine all_ show 
relatively Similar Significant (P<.05) treatment 
differences, although absolute value of the digestibility 
coefficients differ for each amino acid. Thus the above- 
mentioned trends of lowest digestibility values were 


observed for diets containing 00-RSM and C-RSM and highest 
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values for those with SBM with the exception of leucine and 
intermediate values for those with partial substitution of 


RSM for SBM. 


The non-essential amino acids indicate similar trends 
in digestibility which were evident for essential amino 
acids. Digestibility of amino acids in 0O0-RSM and C-RSM 
diets tended to be lower than SBM, with intermediate results 
obtained from partial replacement of SBM with either RSM. 
Significant differences for aspartic acid and tyrosine were 
Similar to the Significant differences which occurred for 
the essential amino acids, with 0O0-RSM and C-RSM having 
Eqieeeauely le 05) lower digestibilities than the SBM or 
OO-RSM+SBM diets. Digestibility of proline and serine in 
the O0O-RSM diet was not significantly different from the SBM 
diet but the digestibility of these amino acids in the C-RSM 


diet ldid sditter’ (P<.05) from the SBM diet. 


Comparison of the amino acid digestibilities in Table 8 
with energy and nitrogen digestibility coefficients in Table 
7 indicates clearly that these same trends are evident. 
Digestibility coefficients of energy and nitrogen of the SBM 
diet were greatest and O0O-RSM and C-RSM had lowest 
digestibilities (P<.05). The two diets with mixtures of the 
protein sources were intermediate for ali parameters of 
digestibility. Since similar differences are apparent for 


digestibility of amino acids it is clear that overall 
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digestibility of the diets must be considered in this work 
and on availability of specific amino acids. The reasons 
for the overall depression of apparent digestibility of the 
OO-RSM and C-RSM ccmpared with SBM diets must be considered. 
The high levels of CF in both sources of RSM in light of the 
high levels used may account for the reduced digestibility 
of the 00-RSM and C-RSM diets and will be discussed later in 
more detail. Recent identification of yellow-seeded 
varieties of rape which have lower levels of fibre than 
present varieties, including Tower, should largely overcome 
the effects of high fibre levels when the yellow-seed 
characteristic is incorrorated into commercial rape 


production (Stringham et al, 1974). 


In general, the digestibilities found in this study 
appear lower than apparent digestibilities determined by Cho 
and Bayley (1970). An explanation of the differences may be 
found in the fact that Cho and Bayley fed semi-purified 
diets with corn starch and ccrn Sugar aS energy sources 
whereas practical diets using barley and wheat as energy 


sources were used in the present study. 


The amino acids likely to be limiting in diets with SBM 
and RSM as supplementary protein sources, i.e., lysine and 
methionine, do not exhibit significant differences due to 
dietary effects yet the trend to lower digestibility in the 


RSM diets is present. Also, it is interesting to note that 
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lysine, methionine and threonine, the amino acids most 
likely to be limiting in diets based on small grains (Rerat, 
1972; Ivan, 1974; Aw-Yong and Beames, 1975), show the lowest 
digestibilities of all amino acids. Ranking the individual 
amino acids across the diets show that the same relative 
differences hold for all amino acids. For example, highest 
digestibilities were found for arginine in ail diets and 
lowest for lysine in diets containing RSM but lowest for 
methionine in the SBM diet. The latter results may indicate 
first-limiting amino acids. Orok et al, (1975) suggested 
that lysine availability was lower in RSM than in SBM. 

Snes et al, .(1975) found that true digestibility of lysine 
in Span RSM was Significantly less than that in SBM for 
rats. Later work (Sarwar and Bowland, 1976) indicated that 
both lysine and protein of 0O0-RSM were well digested in 
pigs. This latter report indicates that lysine availabiiity 
of O0O0-RSM should not be a major problem. Bell (1975) found 
that methionine may be limiting in RSM since the addition of 
0.1% synthetic methionine resulted in an increase of ADG in 


pigs fed either Broncowski cr Span RSM. 


In the present work, it appears in Table 5 that sulfur 
amino acids do not meet the requirements (NAS-NRC, 1973) for 
5-10 or 10-20 kg pigs. Also, the lysine level may have been 
marginal for 5-10 kg pigs. These results may be reflected 


in the relatively low performance of all pigs in the 
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starting phase. However, since all diets show Similar 
levels of lysine and methionine, the dietary levels of these 
two amino acids do net account for the differences observed 
in performance. This is particularly the case with the SBM 
diet, which had the lowest level of sulfur amino acids but 
highest ferformance. Cystine values may, however, be 
underestimated in these determinations because of conversion 
of cystine to cysteine which occurs to a limited extent 
during hydrolysis of the sample. Cysteine is not included 


in the analysis of cystine. 


In the present study, digestibility of amino acids 
appeared to be related to overall digestibility of the diets 
rather than to particular problems of availability of 
specific amino acids. Digestibility coefficients of amino 
acids reflect the same trends observed for energy as well as 
nitrogen and for live animal performance. The present 
report is in agreement with the data of Cho and Bayley 
(1970) who showed that reduced digestibility of amino acids 
in diets containing RSM was reflected in a similar reduction 


of energy and nitrogen digestibility in semi-purified diets. 


Diets were formulated to be isocaloric as well as 
isonitrogenous; thus, the differences in energy and nitrogen 
digestibility coefficients which did occur for O00-RSM and C- 
RSM in this experiment were due to differences in 


digestibility. It appears that scme factor in both sources 
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of RSM caused a depressicn in digestibility. Two factors 
considered during the starting phase of this experiment to 
have been likely causes of decreased performance of pigs fed 
OO-RSM were a reduction in feed intake and also a high fibre 
level in both sources of RSM. Numerous authors using 
various methods of estimating fibre levels have shown that 
DE decreases with increasing fibre levels in diets of pigs, 
@e.g- Lucas (1949-cited by A.R.C., 1967) using Weende CF 
methods; Drennan and Maguire (1970) using acid detergent 
fibre; King and Taverner (1975) using neutral detergent 


fa bres 


Considering that the differences in digestibility were 
not large, the known effects of high fibre levels would have 
been most Serious in the starting phase which is when the 
digestibility studies were made. It is probable that high 
fibre levels of the O00-RSM diet resulting from the very high 
level of inclusion of O00-RSM, causing a slight depression in 
digestibility can, in conjunction with the reduced feed 
intake, account for the differences in performance in the 
starting phase compared with pigs fed SBM diets. This 
effect would then te manifested in a reduced F/G, which in 
fact occurred. The growth depression due to high CF levels 
decreases as the animal matures and body weight increases 
(Cunningham et al, 1962), thus in the finishing period, it 


would be expected that differences between SBM and O00O-RSM 
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diets would be minor. Other factors such as palatability of 
the RSM could have affected feed intake but it cannot be 
determined in this trial the effects such factors could have 
on digestibility. AS was discussed previously, the above 
explanation in regards to CF cannet account for the severe 
depression which occurred when C-RSM was the sole 
supplemental protein source. Since both fibre levels and 
digestibility of O0O-RSMH and C-RSM diets were similar, it 
would be expected that fibre levels would therefore have 
relatively Similar importance in both diets. The severe 
depression of growth in pigs fed C-RSM was attributed to a 
very inferior F/G in the starting period which could be 
associated with the gluccsinolate levels in the C-RSM. 


Carcass studies 


Results of the carcass studies are presented in Table 
9. No significant differences were found in cafcass weight, 
dressing percentage, length, average and le backfat, lean 
in ham face or R.O.P. Score. Loin areas for pigs fed SBM 
were significantly (P<.05) larger compared with pigs fed 00- 
RSM and C-RSM diets. Weight of ham also showed significant 
differences but are virtually the reverse cf loin eye area 
values. Pigs fed 00-RSM, C-RSM and C-RSM+tSBM diets had 
Significantly (P<.05) greater weight of ham as a percentage 


of weight of side than pigs fed SBM. 


As can be seen in Table 9, the differences in carcass 
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measurementS are not large. Lean in ham face reflects the 
amount of muscle in the ham but may not necessarily be 
related to total weight of ham. The latter parameter is 
necessarily the sum of the weights of lean tissue and fat in 
the ham. The inference cannot be drawn that more of the ham 
weight in pigs fed the RSM diets was fat even though lean in 
the ham face was significantly less than pigs fed SBM. 

Dissection of fat and lean are required to draw such an 


inference. 


Any important differences in carcass fat should be 
reflected in differences in backfat since this parameter is 
correlated with carcass fat content (Fredeen et al, 1964; 
r=0.69 for totai backfat vs. %: yield cf lean cuts). 
Richmond and Berg (1971) reported similar effects, Backfat 
thickness in conjunction with carcass weight is the basis of 
the Canadian Hog Carcass Valuation System (CDA, 1969). It 
must be appreciated that backfat thickness in this present 
study ie “leass* than ustially “reported at this" station 
(Bowland, 1974a; Bowland et al, 1975) but pigs were lighter 


than the usual slaughter weight of 90-92 kg. 


Typical sex differences tere observed with barrows 
having significantly thicker backfat (P<.001) but gilts 
having greater (P<.05) lean in ham face and R.O.P. score 
(DS7001)c2 The significant difference in the latter 


parameter is accounted for in the calculaticn of sex- 
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corrected R.0.P. score. Thus, no Significant sex 
differences are apparent when the correction is applied. 
Results are Similar tc those of Newell and Bowland (1972) 


and Orok et al (1975). 


Backfat measurements were significantly (P<.05) greater 
in Period 1 than Period 2, but weight of ham/weight of side 
and lean in ham face were significantly greater (P<.001) in 
Period ? than Period 1. Also, R-O.P. scores were 
Sonne cant iy (P<.01) greater in Period 2 than in Period 1. 


Thyroid hormone levels 


Thyroid hormone data are Summarized in Table 10. 
Initially both periods were considered together in a 
factorial analysis but because of large differences in the 
mean values for the 2 periods, separate analyses were then 


made. 


In period 1, no significant differences were found for 
T-4, T-3 RIA or T-7. YT-3 uptake was significantly (P<.05) 
greater for the pigs fed SBM than other diets. However, T-3 
RIA and T-3 uptake do not show the same trends, thus 


evaluation of these results is uncertain. 


In period 2, significant differences occurred for T-4, 
T-3 uptake and T7, but not for T-3 KIA. T-4 levels 
approximated performance values in that highest T-4 levels 


were produced by SBM and lowest by C-RSM (P<.05). Pigs fed 
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C-RSM and C-RSM+SBM had significantly (P<.05) lower T-4 
levels than pigs fed SBM diets. No Significant differences 
occurred between 0O0-RSM, SBM or 50% replacement of SBM by 
VU-fSe- for  T=f. T-3 uptake levels were significantly 
(P<.05) lower for 0O0-RSM, 00-RSN+SBM and C-RSM diets than 
for SBM or the C-RSM+SEM diets which was also significantly 
(P<.05) less than that cf pigs fed the SBM diet. T-3 RIA 
was not significantly different fcr any diets. T-7 values 
were highest for pigs fed SBM and least for pigs fed C-RSM, 
both of which were significantly (P<.05) different from each 


other and from the other three diets. 


Interpretation cf these results is difficult in that 
large differences occurred between periods and little 
information is available on the euthyroid ranges of thyroid 


hormone levels in blocd or serum of pigs. 


Bowland (1975) reported serum T-4 levels of 2.2-3.3 
ug/100 ml of plasma for pigs at 8 weeks of age and 2.4-4,5 
ug/100 ml for pigs at 14 weeks of age. Lowest levels of T-4 
were found in pigs receiving Span RSM. Egbuiwe (1975) 
reported T-4 values that ranged from 4.5-5.5 ug/100 ml. 
Onaghise (1976) reported T-4 levels of 1.8-3.5 ug/100 mi for 
pigs in the growing phase. Aherne et al (1976) reported T-4 
ranges of 3.3-3.8 ug/100 ml for 19 kg pigs, 5.0-6.4 ug/100 
ml for 87 kg pigs and 4.3-6.1 ug/100 mi for pigs 130 kg. 


Onaghise (1976) also reported T-3 uptake ranges of 33.9- 
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40.3% and T-3 RIA of 46-117 ugy100 ml of serun. 


The results of T-4 determination in period 1 are 
greater than those reported by Bowland (1975) or Onaghise 
(1976) but slightly less than those of Egbuiwe (1975). In 
period 2, however, T-4 levels were less than those found by 
Bowland (1975) but T-3 uptake and T-4 levels were similar to 
those reported by Onaghise (1976). However, T-3 RIA was 
generally higher in period 1 and lower in period 2 than the 
values Paported by Onaghise (1976) which were determined at 
the same time and in the same laboratory as the present 


work. 


The important pcints that can be ascertained from this 
study of thyroid hormone levels is that an improvement in 
serum thyroid hormone effects was nected for the pigs fed 
very high levels of 0O0-RSM compared with pigs fed C-RSM 
diets. This confirms other work reported in this thesis 
that the residual glucosinolates in Tower RSM did not cause 
major interference with the thyroid metabolism in the pig as 
did high levels of C-RSM. Thus, the depression of 
performance of pigs fed 00-RSM which occurred and which was 
non-significant in most cases ccmpared with pigs fed SBM can 
then largely be attributed to other factors. In this study 
these factors appear to be a inferior feed intake and 
decreased F/G, possibly associated with high CF levels in 


QO-RSM causing a slight reduction in digestibility. The 
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thyroid hormone levels found in figs fed the C-RSM diet 
although not consistently significantly lower than those of 
pigs fed other diets, tend to be lower than pigs fed SBM 
diets. T-4G levels, particularly, reflect these trends and 
were found in Part 2 of this study to closely agree with 
other indicators of thyroid status. The results suggest 
that some inhibition cf thyroid function occurred in pigs 
fed C-RS&. Studies on net synthesis and degradation of 
thyroid hormones wculd be required to definitively determine 


whether thyroid inhibition occurred. 


Summary 


A total of 80 pigs averaging 5.3 kg in weight at 
allotment were fed five experimental diets from 4 weeks of 
age to market weight in twce time periods. The objectives of 
the study were to compare a low-glucosinolate, low erucic 
acid RSM and commercially available RSM as complete or 
partial replacements for SBM in starting, growing and 


finishing diets for pigs. 


A partial replacement of SBM by 00-RSM resulted in 
Similar ADF, ADG and F/G even though rather high levels 
(6.1-11.9%) of 0O0-RSM were used. Complete substitution of 
SBM by 00-RSM resulted in scme reduction of ADF, ADG and 
inferior F/G. The difference in body weight gain between 


SBM and OO-RSM was likely due to reduced feed intake, and to 
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high fibre levels in the 00-RSM diet which may have caused a 
lower apparent digestibility of energy, nitrogen and amino 
acids: This reduced digestibility was associated with an 
inferior F/G and consequently slower gains of pigs fed 00- 


RSM compared to pigs fed SEM diets. 


ADG and F/G of pigs fed C-RSM was markedly inferior to 
pigs fed other diets. Feed intake was less than other diets 
but differed significantly only during the starting fhase. 
Such effects have been attributed to high levels of 
glucosinolate found in C-RSM. Factors such as high fibre 
levels and lack of palatability could be expected to 
contribute in a similar manner in both 0O0O-RSM and C-RSM 
diets. Performance of pigs fed cC-RSM aS a partial 


replacement of SBM was Similar to pigs fed O0-RSM diets. 


Minor effects of the dietary treatments were observed 
on carcass characteristics. Greater loin area was observed 
in pigs fed SBM than in pigs fed diets with complete 
replacement of SBM by either scurce of RSM. Pigs fed SBM 


diets had lowest weight of ham as a percentage of the side. 


Determination of the thyroid hormone (T-3, T-4) levels 
suggested that no major depression of thyroid metabolism 
occurred from feeding 00-RSM diets. This is consistent with 
thyroid hormone levels, histological studies and weight of 


thyroids determined in Part 2 of this study, which showed 
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that Tower RSM did not cause large adverse effects on 
thyroid metabolism as did C-RSM diets which inhibited 


thyroid function. 
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PART 2. EVALUATICN OF DOUBLE-LOW RAPESEFD MEAL AS A 
SOURCE OF PROTEIN FOR YOUNG PIGS: GROWTH, 
DIGESTIBILITY OF DIETS, THYROID FUNCTION, 


AND BLOOD SERUM CONSTITUENTS 


Introduction 


A great deal of nutritional research has been carried 
out to determine the nutritive value of RSM for pigs. The 
general Bere eion of this work is that depression cf ADF, 
ADG and F/G occurs if pigs are fed diets containing more 
than 10% RSM during the grcwing and finishing phase (Manns 
and Bowland, 1963; Bowland, 1965; Bell, 1965; Bayley et al, 
1969; Bowland and Bell, 1972). The main cause of the growth 
depressing effects of RSM has been attributed to high levels 
of glucosinolates contained in the meal which resuits in an 
inhibition of thyroid metabolism (Bowland, 1965). Numerous 
species of the Brassica family have been described as 
goitrogenic for more than 100 years (Greer, 1962). Krusius 
and Peltola (1966), Lo and Hill (1971b) and Lo and Bell 
(1972) have demonstrated that the glucosinolates in RSM are 
capable of causing thyroid hypertrophy and inhibition of 
thyroid hormonal function. Such effects are known to cause 
clinical or subclinical hypethyroidisn (Kaneko and 
Cornelius, 1970). The hypothalamic-pituitary control 


mechanism of thyroid function responds to decreased levels 
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of circulating thyroid hormones by increasing the secretion 
of thyroid stimulating hcrmone (TSH) which causes the 
thyroid to enlarge. This enlargement or goitre may or may 
not result in sufficient amounts of thyroid hormone to 
maintain euthyroid conditions, and thus normal growth, in 
the presence of an active goitrogen. Diagnosis of this 
condition can be kased on thyroid hormone levels in the 
plasma, thyroid histology and thyroid weights at necropsy as 
well as various biochemical tests such as 131] uptake by the 
thyroid commonly apflied in humans. Elevated serum 
cholesterol and glucose as well as decreased levels of 
alkaline phosphatase are often seen in cases of 


hypothyroidism in animals (Mia, 1976). 


Development of low-glucosinolate RSM is therefore of 
primary importance to increasing utilizaticn of RSM. The 
objectives of this study were to evaluate rate of growth, 
digestibility of diets, thyroid function and certain blcod 
serum constituents of pigs fed 00-RSM (cultivar Tower) 


compared with SBM and C-RSM. 


Experimental 


Animals_and diets 


SS eee 


Thirty-three cressbred pigs (Lacombe x Yorkshire) were 
assigned to five experimental diets (Table 11) in an 


experiment conducted at The University of Alberta Swine 
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Table 11. Formulation of diets (percentage basis - as fed) 


Treatment no. z 2 5 k 5 
Protein source spm* 002RSM 00-RSM+SBM C=-RSM C-RSM+SBM 
Ingredients 
Wheat 5Oee 49.5 5354 47 oh Seer 
Barley 18.7 . 16.5 17.8 Abo Pve) A dra) 
Soybean meal (48.0%) 19.1 = 10.9 -- a 
O0-Rapeseed meal 

(38.6%) -— 25.5 10.9 =< -- 
C-Rapeseed meal 

(33.2%) et — = 28.3 leteety 
Animal tallow IS 4.0 BGS) 4.0 Boa 
Iodized salt 0.5 0.5 0.5 0.5 0.5 
Limestone (ground) 1.0 1.0 1.0 1.0 1.0 
Calcium phosphate 1.5 kes 1.5 ala: lsS 
Mineral-vitamin pre- 

mix As) 1.5 re vao Leo 


Composition-determined 


Dry matter % 90.8 91.1 91.1 Sle S161 
Crude protein % 1865 18.6 19.1 18.1 18.3 
Calculated digestible 
energy kcal/kg 3167 3213 3187 3219 3187 
Crude fibre % hed Vee 5.6 Sel 6s 
Ether extract % DMS) 609 4.6 ai, 4.7 
Calcium % 0.93 WL Ale 0.9 Lee 0.96 
Phosphorus % 0.75 0.84 0.83 0.37 0.79 
Oxazolidinethione mg /g QO 0.22 0.07 0.45 O25 
) 0 0 O44 0.64 


Isothiocyanates mg /g 


4 SBM= soybean meal; OO-RSM= rapeseed meal from Tower rapeseed (low glucosinolats 
low erucic acid); C-RSM= commercial rapeseed meal. 


e as in starter diets - Part l. 
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Research Unit from January to March, 1975. Pigs were 
equalized as to weight and sex following weaning at 3 weeks 
of age and allowed a cne week adjustment period during which 
time the experimental diets were introduced. The experiment 
was conducted from 4-10 weeks of age after which all pigs 


were sacrificed for thyroid, liver and muscle studies. 


Initially 30 pigs were assigned to this experiment but 
a number of pigs died cn all treatments during the initial 
week of the experiment. Deaths were diagnosed! as the 
result of colibaccilosis associated with an outbreak at this 
Station of a virulent E. coli infection. Pigs of similar 
weight and sex were substituted where possible incuding 
additional extra female on each treatment giving a total of 
33 pigs were used for growth and thyroid studies but because 
of significant replicate effects, only 28 pigs could be used 


for serum chemistry studies. 


Pigs were housed individually in pens 0.64 x 1.2 m with 
partially slotted floors. Feed waS available ad libitum 


from self feeders. Water waS available free-choice in each 


pen. 


Diets were formulated to be isonitrogenous by replacing 
an equivalent amount cf SBM by RSM and also to be isocaloric 


Dr. D.W. MacDonald, Veterinary Services Branch, Alberta 
Agriculture, Edmonten, Alberta. 
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on a DE basis. The diets were based on barley and wheat 
and, contained O00-RSM, C-RSM, SBM, O0-RSM+SBM, and C-RSM+SBM 


as in Part 1. 


Diets were formulated to provide 18% CP and 3170 kcal 
DE/kg.- Feed consumpticn and body weight gain were 
determined on a weekly basis from 4-9 weeks of age. 


Digestibility studies 


Determinations of digestibility of nitrogen and. energy 
were made in the ninth week of age. Two pigs of each sex 
were utilized in two replications, with the exception that 
no male animal was available for the 00-RSM+SBM diet in the 
first replicate. The total collection method of Castell and 
Bowland (1968) was followed using 10 metabolism crates in 
each replicate. Pigs were fed at a level of 90% cf the feed 


consumption of the previous week. 


An initial 3-day adjustment period was allowed followed 
by a 3-day collection of feces and urine. Feces were 
subsequently dried for 3 days at 60 C in a forced air oven 
and ground in a laboratory mili. Representative samples of 
urine were freeze-dried prior to analytical determinations 


of feed, feces and urine as in Part i. 


Analyses of dry matter, Kjeldahl nitrogen anda fibre of 
diets as well as dry matter and nitrogen of feces and urine 


were made according to A.O.A.C. (1970) methods. Energy was 
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determined in an adiabatic oxygen bomb calorimeter. 


Carcass studies 


At the conclusion of the trial at 10 weeks, all pigs 
were sacrificed in Z replicates cne week apart and thyroids 
were removed immediately, weighed and fixed in a 10% 
buttered formalin for histological studies. RS 50-607g 
sample of the right lobe of the liver and 10-20 g sample of 
the longissimus muscle from the area of the twelfth rib on 
the right side was remeved and frozen in liquid nitrogen. 


Liver and muscle samples were subsequently freeze-dried and 


then stored at -20 C until reguired for analysis. 


Determinations in duplicate of fat and Kjeldahl 
nitrogen on the liver and muscle samples were made in 
series. Crude fat was determined on a previously dried 
sample and nitrogen was determined on the same dried, 
defatted sample. Nitrcegen and fat were determined according 


to A.O.A.C. (1970) methods with low boiling point (35-60 C) 


petroleum ether used as the fat solvent. Samples were 
refluxed for 8 hours on a Goldfinch fat extraction 
apparatus. 


Histological studies 


— a a oe eee 


Sections were cut from the thyroids after 48 hours, 


fixed and stained with haematoxylin and eosin. A visual 
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appraisal was made by Dr. R.E. Clugston!. A rating was 
made by assigning i, 2 or 3 to denote normal, some change 


and marked change frcm normal as follows: 


follicle size - uniform = 1, some variaticn in size 
= 2, marked variation in size = 3. 
colloid strain - uniform = 1, moderate variation in 
Staining = 2, severe variation in 
staining = 3. 
colloid amount - adequate = 1, diminished = 2, 


very diminished = 3. 
colloid vacuoles - scme = 1, numerous = 2, marked 
= 3. 
follicular epithelium - cuboidal or columnar = 1, 


hypercellular = 2. 


An overall thyroid histological score was calculated by 
adding 100 to each value and calculating the mean corrected 
score. panera, an analysis of variance was calculated for 
each parameter from above, howevel, ne Significant 
differences were fcund. The overall thyroid histological 
score thus appeared to be the most appropriate measure and 
is therefore the parameter reported. 


Blood constituents 


—— 


1yveterinary Services BPranch, Alberta Agriculture, Edmonton, 
Alberta. 
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All pigs were bled by anterior vena cava puncture 
(Carle and Dewhirst, 1942) at 6 and 9 weeks of age in 2 
replications with one week between each bleeding. At 6 
weeks all pigs were bled 4 hours after feeding a meal which 
was preceded by an cvernight fast as in Part 1. At 9 weeks 
pigs were bled prior to feeding (0 hours) and at 4, 8 and 12 
hours after feeding. This series was also preceded by an 
overnight fast and a meal as in Part 1 and all food which 
was refused was weighed and recorded. A 15-ml sample of 
blood was collected, allowed to stand for 20 minutes and 


centrifuged at 2500 rem (1.1 g). 


A serum chemistry profile was determined by a 
commercial laboratory! using a Techniccn SMA 12/60 
Autoanalyzer (Technicon instruments Corporation, Terrytown, 
New York). Bowland (1975), Egbuiwe (1975) and Perrin (1975) 


have described the procedures in detail. 


At the initial and 4-hour bleedings, determinations 
were also made at the same laboratory of serum thyroxine (T- 
4) according to the serum thyroxine radicimmunoassay of 
Krahn et al (1974). Protein bound iodine (P.B.I.) was 
determined by the method develcped by the Technicon 
Instruments Corporation, Research Park, Chauncey, New York 


a eS a SS 


1Dr. S« Hanson and Associates. Medical Laboratory, 
Edmonton, Alberta. 
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(Technicon Instruction Manual No. PB/0O-1). 
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Multi-way analyses of variance (ANOVA) were computed 
using the method of un-weighted means outlined by Bancroft 
(1968). This was necessitated because of the unequal number 
of pigs within treatments and sexes. The error term is 
obtained in this procedure by adjustment of the mean square 
fetired from a one-way analysis of variance for each 


parameter based on the harmonic mean: 


Adjusted mean square 1 x one-way error mean square 
(Bancroft, 1970). 

Treatment means were compared using Duncan's Multiple 
Range Test (Steele and Torrie, 1960) which was preceded by a 
significant F-test (Waldo, 1976). A probability of 0.05 was 
selected as the point of Significance between means. The 
sources of variation were 5 diets and 2 sexes. All sources 
of variation except replicate and animals were considered as 
fixed. Notations used to indicate level of significance 
ares; x (P<0.05), *x% (P<0.01), *x*x* (P<.001). Means not 


significantly different bear the same Superscript or no 
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superscript. 


The results will be considered in the order of live 
- = = 2 1 4 
animal performance frcea 4-9 weeks of age, fat and protein 


scie, digestibility of 
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Body weight at cczmenceszent of the trial averaged 5.6 
able 12). Significant (P<.05) sex differences in 
weight were evident at ccmmencemzent of the trial at 4 weeks 


of age with females averaging 5.1 Kg and males 6.0 kg. 


were apparent althcugh sean body weights as indicated in 
Table 12 differed cocensiderabiy. Notable anigal-to-aninal 
Variation in body weights at 9 weeks was cbhserved in this 
trial (8.2-23.7 ka) and this large variation has been 
attributed to the disease problem in the early part of the 
€xperigent as senticned earlier. Although pigs on all 
treatments were afiected, those anizals on the 00-RSéM4SEm 
diet (Treatment 3) appeared to be affected mcst and 3 pigs 
died. The seans of the data are based on 7 pigs (3 males, 4 
females) per treatment except treatment 3 which had 5 pigs. 


These means are indicative of the performance achieved on 
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the different diets. 


ADF was not significantly different for the 5 diets. 
However, a definite trend was noticed for pigs fed C-RSM 
diets to consume less feed than other pigs. Pigs fed 00-RSM 
tended to consume somewhat less than pigs fed SBM. 
Consumption of diets with 50% of the SBM replaced by 00-RS»M 
or C-RSM was intermediate between SBM and OO-RSM diets, but 


differences were not significant. 


Average daily gain showed that gain of pigs fed SBM was 
Superior to other diets, and was significantly (P<.05) 
greater than pigs fed the O0O-RSM or OO-RSM+SBM diets while 
ADG of pigs fed the C-KSM diet was significantly (P<.05) 
less than pigs fed cther diets. ADG of pigs on the C- 
RSM+SBM diet was intermediate between SBM and the two diets 


with OO-RSM and was not Significantly different from either. 


F/G reflected ADG and ADF inversely but differences 
were not Significant, Lack of significant differences may 
be an effect of the variability of results as seen in the 
large standard error. However ccnversion of the 00-RSM+SBM 
diet into body weight gain appeared to be markedly inferior 
compared with pigs fed SBM or 00-RSM diets. This treatment 
included one pig which gained only 3.9 kg during the 35 days 
of the experiment. Although this was the lowest gain of any 


pig in the experiment, it was not removed because certain 
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other animals in other treatments performed Simi taety eet 
was thus not possible to make a subjective decision to 
remove some animals from some treatments and not other 
animals. Since the 00-RSM+SBM contained considerable 
amounts of SBM as did the C-RSM+SBM diet, it would be 
expected that F/G would be at least as good, if not better 
than pigs on C-RSM+SBM diet consuming the high glucosinolate 
RSM used as the source of C-RSM. In Part 1, performance of 
pigs fed the 00-RSM+SBM diet was not significantly different 
from pigs fed the SBM diet. It is proktable that the 
colibacillosis syndrome cccurring in the early part of the 
trial contributed to the unfavourable response of pigs fed 
the 0OO-RSM+S BM diet. Dunne and Bennett (1970) have 
indicated that the intestinal wall may be thickened in pigs 
surviving colibhacillosis. This condition may then result in 
reduced nutrient absorptive capacity and a reduction in the 
rate of growth for a variakle period of time cr permanantly. 
Although this Gress occurred across all treatments it 
may have had a more severe effect in pigs on the 00-RSM+SBM 
diet. Also, the condition occurred in the first 10 days of 
the trial and the affected pigs may have recovered in the 
latter stages of the experiment. Inspection of the weekly 
body weight records indicated that growth in the last 3 
weeks of the trial was very rapid. ADG of pigs in this 
trial was inferior to the results of Bowland (1975) ina 


trial designed to study the use of 00-RSM for young pigs. 
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However, ADF was also lower in the present experiment which 
may account for the lower rate of growth compared with the 
work of Bowland (1975) and Bowland et al (1975). 

Performance of pigs in this present study appeared similar 
to the starting phase in Part 1, with the exception of pigs 


fed the OO-RSM+SBM diet. 


Work reported in Part 1 of this thesis using a large 
number of pigs showed that ADF, ADG and F/G of pigs fed 
isonitrogenous combinations of 00-RSM and SBM were similar 
to that of pigs fed SBM. A non-Significant but consistent 
trend was, however, noted toward slightly lower ADF, ADG and 
F/G during the eearean period as well as to market by the 
partial replacement of SBM by OO-RSM. Moody et al (1976) 
and Castell (1976) also uSing partial replacement of SBM by 
Tower RSM showed that perfcrmance of pigs fed RSM from Tower 
Capeseed was not significantly different but consistently 
Slightly veces than pigs fed SBM diets. Thus, it can be 
concluded that perfcrmance of pigs on the O00-RSM+SBM in the 


present experiment was abnormal. 


Although differential results of live animal 
performance are not as Clearly evident in this trial as in 
Part 1, the main effects are discernable. ADF, ADG and F/G 
of pigs fed the 00-RSM diet was humerically superior 
compared with pigs fed C-RSN, although significant 


differences were obtained only for ACG. However, 
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performance of pigs fed diets with 00-RSM completely 
replacing SBM was not equivalent to those receiving the SBM 
diet in terms of ALF or ADG although F/G was similar in this 
experiment. No significant sex or replicate effects were 
noted at 9 weeks of age. 


Digestibility of diets 


The determination of the digestibility of the diets are 
Summarized in Table 13. No significant effects of dietary 
treatments-were observed fcr any cf the eee TOT Er reo 
However, trends for the digestibility coefficients for 
nitrogen and energy indicate treatment differences Similar 
to those obtained in the digestibility trial in Part 1. 
Digestion coefficients for both sources of RSM are 
numerically less than SBM both for energy and nitrogen in 
the present trial but were not significantly different as in 


Part 1. 


The apparent trend toward lowered F/G of the C-RSM diet 
is not evident in reduced digestibility of pigs fed C-RSM. 
The lower performance of pigs on the OO-RSM+SBM diet 
(ADG=0.26 kg) vs (0.38 on SBM) is also not reflected in the 
digestibility ratios and may be accounted for by the fact 
that the digestibility trials were run in the ninth week of 
age. The pigs from this treatment which were included in 
the digestibility study may not have been severely affected 


by the colibaccillosis ccndition mentioned previously or may 
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have recovered by this time. 


Significant (P<.05) sex effects were noted for DE and 
ME digestibility coefficients and DE/kg of diet. However in 
Part 1 of this work the digestibility of energy by females 
was not different from that of males. Also, nitrogen 
retention data were not significantly different in the 
present experiment but were in Part 1. Other workers have 
also shown variable sex effects. Orok et al (1975) found 
that nitrogen retention was significantly (P<.05) better in 
gilts than barrows but Bowland (1974a) indicated that sex 
effects on digestibility may be variable. 


Carcass liver and muscle determinations 


a et a ee we Se ee 


Results of liver and muscle fat and protein 
determinations are presented in Table 14. Such 
determinations are ccmmonly carried out in poultry studies 
with RSM (Olomu, 1974) and give an estimate of carcass 


composition in young pigs. 


No significant treatment effects were noted for liver 
dry matter, fat, protein on a defatted basis nor for muscle 
dry matter, fat or prctein. However, standard errors for 
liver and muscle fat are large and are likely associated 


with inclusion of variable amounts of fat with the sample. 


Liver protein on a Gry matter basis was Significantly 


(P<.05) less in pigs fed the C-RS5H diet than pigs fed other 
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diets. However, standard errors for liver and muscle fat 
are large and are likely asscciated with inclusion of 
variable amounts of fat with the samples. diets. This 
effect may be due to the fact that pigs fed C-RSM diet were 
much lighter at the end of the trial. However, liver dry 
matter, fat and protein on a dry defatted basis are not 
Significantly different. Fat and protein levels were higher 
in muscle than in liver although the dry matter contents 


were Similar. 


Sex effects for liver and muscle dry matter, fat and 
protein were not significantly different at the time these 


pigs were killed. 


A Significant (P<.01) difference for replicates was 
observed for fat content of muscle tissue. A value of 7.7% 
was obtained in replicate 1 and 11.5% in replicate 2. 
Inspection of the data indicates that considerable 
variability existed for this parameter. Although 
superficial fat and ccnnective tissue were removed, the 
possibility exists that a variable amount of fat deposited 
in the muscle was included in the sample taken from the 
longissimus muscle. Data for fat in the liver are much more 
uniform which may be a result of taking a larger size of 
sample, thus any ancmaly in sampling would not have such a 


large influence on the results as in the case for muscle 


samples. 
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Although significant treatment differences for liver 
and muscle protein were noted only for liver protein on a 
dry matter basis, similar but non-significant trends were 
noted for liver and muscle protein ona dry, defatted basis. 
These differences may be related to weight cf pigs at the 
end of the trial. It may be anticipated in young very 
actively growing animals such as these pigs, that increases 
of protein would occur very rapidly leading to greater 
protein content with increasing body weight. Richmond et al 
(1970) and Richmcnd and Berg (1971) also found that body 
prareca levels increased with weight in the weight range of 
Piqselu thasesetud y. 


Assessment_of thyroid function 


Thyroid hormone levels and thyroid histology data are 
presented in Table 15. Final body weight at 10 weeks of age 
showed Similar trends of treatment response to the 9 week 
weights. Pigs on SEM diets were heaviest and those on the 
C-RSM diet were lightest at the end of the trial, but 


differences were not Significant although numerically large. 


Thyroid weights show that pigs on the C-RSM+SBM diet 
had thyroids which were significantly (P<.05) heavier than 
other pigs. Pigs on the C-RSM diet tended to have thyroids 


which were intermediate between pigs fed C-RSM+SBM and _ the 


pigs on SBM or 0O0-RSM diets. These differences were not 
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Stabistically significant 


Calculation of thyroid weight as a function of body 
weight removed some of the cbvious relationships between 
body weight and thyroid weight. AS a result, thyroid 
hypertrophy is apparent in pigs fed both C-RSM and C~+RSM+SBM 
(P<.05) compared with pigs fed the other 3 diets. These 
findings are in agreement with those of Sihombing et al 
(1974) who showed that goitrogens including 0.5% potassium 
thiocyanate resuited in thyroid weight/body weight values of 
0.17 vs 0.42 for diets with and without 0.2 ppm of iodine. 
Feeding 0.075% Tapazole (1-methyl-2-mercaptoimidazole) 
resulted in Similar thyroid weightybody weight values of 
0.18 and 0.34 in diets with and without 0.2 ppm cf iodine. 
The iodine levels previded in the diets in the present 
experiment exceeded the NAS-NRC (1973) recoamended 
requirement of 0.2 ppm, which was fcund in the study of 
Sihombing et al (1974) to permit normal thyroid function. 
In the present experiment, evidence of hypertrophy occurred 
ine.the presence ‘of adequate lodine in both C-RSM diets 
containing high levels of glucosinolates. In the report of 
Sihombing et al (1974), the reduction in the weight gains 
due to presence of goitrogen in the feed was attributed to 
decreases in food intake- In the present experiment thyroid 
weight/body weight was aiso significantly (P<.05) greater 


for pigs fed both 00-RSM diets than those fed the SBM diet. 
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These weights were significantly (P<.05) less for both 00- 
RSM diets than for pigs fed either C-RSM diet indicating 
that C-RSM had a greater hypertrophic effect on the chyroid 


than did 0O0-RSM. 


Pl bets waS not significantly different between diets 
at 6 or 9 weeks of age, although at 9 weeks P.B.I. values 
were numerically less for pigs fed C-RSM diets than for 
other pigs. Sex erfects were variable. No clear evidence 
was found of a difference at 6 weeks compared with 9 weeks. 
Manns and Bowland (1963) obtained average P.B.I. values of 
3.1-5.3 ug/100 ml of Serum in market pigs with values of 5.3 
ug/100 ml for pigs receiving 50 to 100% of RSM as _ the 
supplementary protein source. Kaneko and Cornelius (1970) 
reported P.B.I.) values of 2.7 for Landrace pigs and 4.4 for 
Large Whites. Bowland (1975) reported average’ P.B.I. 
values of 8.6 ugyi100 nl. In the studies by FEowland 
differences in P.B.t. levels were not Significant between 
bleeding at 8 or 14 weeks of age. Egbuiwe (1975) reported 
P.B.Ie ranges of 4.2-6.1 ug/100 ml £Or pigs of 
approximately 40 kg body weight. Aherne et al (1976) found 
Papeiow values of Joweek old pigs®ranged fron y3.3—-452 1g7100 
ml of serum, at 87 kg ranged from 4.0-5.2 ug/100 ml and at 
130 kg ranged from 3.1-5.3 ugs100 ml. It is evident that 
P.B.I. values at 6 and 9 weeks found in this study are 


within the apparently normal range in pigs. 
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T-4 levels were not significantly different at 6 weeks 
of age but at 9 weeks, serum T-4 levels were significantly 
(P<.05) reduced for both diets containing C-RSM and also by 
the 0O-RSM diet. Levels of T-4 apparently increased from 6 
to 9 weeks of age but it is not possible to determine 
whether this is an age or a weight-related phenomenon in the 


present study and was not tested statistically. 


Interpretation of the results of P.B.I. and T-4 tests 
in light of the normal range in the literature cited above 
and in Part 1 of this study indicates a normal range of 2.2- 
10.5 ug/100 ml of serum for T-4 (Bowland, 1975; Egbuiwe, 
1975; Aherne, 1976° [Onaqhise, 1976) and S21-3.6 107100) a1 
for P.B.I. In the present study however, thyroid weight as 
a function of body weight at 9 weeks showed a clear 
relationship tc an apparent hypertrophic condition of the 


tThyeoldseof pigs fed C-RSM or C-—RSMtSBM diets.) 7, 


T-4 at 9 weeks of age of the pigs fed the 00-RSM diet 
WwaS Significantly (P<.05) less and thyroid weight/body 
weight was greater (P<.05) than for pigs fed the SEM diet. 
These effects did rot appear as severe aS in pigs fed either 
atet with)  C-KSm. Considering the work of kKrusius and 
Peltola (1966), Lo and Hill (1971b) and Lo and Bell (1972) 
that sufficient residual glucosinclate remained in Bronowski 


RSM to interfere with release of thyroid hormones or cause 
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thyroid hypertrophy in rats, the effects of the 00-RSM diet 
on thyroid function found in this experiment cannot be 
unexpected. This factor is particularly relevant in 
consideration of the high levels of supplementation in the 


OO-RSM diet. 


Sufficient goitrogen was present in both the C-RSM and 
C-RSM+SBM diets to cause thyroid enlargement and to produce 
a Significant (P<.05) reduction in T-4 level. However, T-4 
levels in this experiment, including the values for the pigs 
fed the C-RSM diet, are within the normal range found in the 
previous trial reported in Part 1 (period 14:4.1-4.6 ug/100 
mi ; Penicds) 22251-2287 500/1007 ond) Peand) Salcomut chines tie 
apparently normal tanges for pigs (2.2-10.5 ug/100 ml) found 


by several other werkers cited in Part 1 of this thesis. 


No Significant differences between treatments were 
found in the histological data. Although a visual 
microscopic assessment was made, no consistent indications 
Gould be found sof major cellular disfunction, fhevglands 
were chosen randomly for examination. These results 
indicate that massive changes did not occur at the cellular 
level in pigs fed C-RSM diets but do not ‘rule ‘ont the 


possibility of scme degree of impairment of thyroid 


function. 


It is evident that a major problem occurred in 
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utilization of high levels of C-RSM as evidenced by the 
inferior ADF, ADG and F/G cf pigs fed this meal. However, 
the levels of C-RSM fed are considerably in excess of the 
currently recommended levels of RSM for pigs (Bowland and 
Bell, 1972) and in excess of the level of high glucosinolate 
RSM shewn experimentally to result in significant reductions 
of ADF, ADG and F/G (Bowland, 1965). 


Serum chemistry analyses 


See ed 


Serum analyses are reported in Tables 16a-e for all 
pigs in this study. An initial bleeding was made at 6 weeks 
followed by a series of 4 bleedings at 9 weeks of age after 
an overnight fast. Bleedings at 9 weeks were made prior to 
feeding (O0-hours) and at 4, 8 and 12 hours after ingestion 


of a meal of the apprepriate diet. 


Considerable animal to animal variation was observed 
for the blood constituents as evidenced by the large 
Standard errors of the means. Also, hemolysis was observed 
in a number of samples after centrifugation. As ae result, 
some enzyme values may have been abnormally high since 
certain transaminases and particularly lactic dehydrogenase 
(LDH) from the xupture cf. red blood cells may lead to 
serious test errors (Freedland and Kramer, 1970). However, 
Finlay et al (1969) found cnly minor effects cn constituents 
in serum, presumably of human origin, in which hemclysis 


occurred. Alsc the levels of alkaline phosphatase, LDH and 
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Serum glutamic oxaloacetic transaminase (SGOT) were not 


seriously altered in the latter study. 


No significant differences in serum constituents were 
noted at 6 weeks cf age. At the O-hour bleeding prior to 
feeding at 9 weeks, significant (P<.05) differences between 
diets were noted for the fcllowing parameters: glucose, 
cholesterol, alkaline phosphatase and SGOT. The pigs fed 
the C-RSM diet showed significantly (P<.05) higher levels 
for cholesterol and SGOT than pigs fed the SEM diet. Blood 
glucose was Significantly (P<.05) higher for pigs fed 00-RSM 
and O0O-RSM+SBM than pigs fed the SBM or C-RSM diets. 
Alkaline phosphatase levels of pigs on the SBM diet were 
Significantly (P<.05) higher than those of pigs fed the 00- 
RSM, C-RSM or C-RSM+SBM diets. Values of the above 
parameters for pigs fed the C-RSM+SBM diet tended to be 
intermediate. Elevated serum cholesterol and glucose and 
decreased alkaline phosphatase are typically found in cases 
of hypothyroidism in animals (Mia, 1976). Also, Kaneko and 
Cornelius (1370) suggested that elevated serum cholesterol 
was indicative of hypothyroidism when used with other 
measures of thyroid function. The above findings 
particularly cholesterol levels, in conjunction with 
Significantly (P<.05) increased thyroid weight/body weight 
and significantly (P<.05) lower T-4 values of pigs fed both 


C-RSM diets, indicate that a hypothyroid condition may have 
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existed in pigs fed the C-RSM diets. The cholesterol levels 
at this time may be particularly important in comparison to 
other times since Kaneko and Cornelius (1970) suggested that 


animals be fasted prior to bleeding. 


Although slighlty greater amounts of tallow were used 
in the C-RSM than in the SBM diet, the same levels were used 
in the 00-RSM and in the C-RSM diets (Table 11). Swanson 
(1970) suggested that tallow could elevate cholesterol 
levels in pigs, but the fact that the cholesterol levels of 
the O0O-RSM and SBM diets were not significantly different 
but both were significantly (P<.05) less than the C-RSM diet 
at O-hours would indicate that tallow levels were not a main 
factor influencing cholesterol levels. This view is 
supported by the fact that chclesteroi levels of pigs fed 
the C-RSM+SBM diet having 2.5% tallow were not significantly 


different from pigs fed the C-RSM diet. 


At 4 hours post-feeding, O00-RSM and both diets with C- 
RSM showed increased levels of cholesterol compared with the 
other diets. Alkaline phosphatase, although not 
significantly lower for either diet with C-RSM or the 00-RSM 
diet than for other two diets at this time, was numerically 


less. 


At 8 hours, glucose levels in pigs fed the 00-RSM+SBM 


diet were considerably higher than cther pigs (P<.05) but 
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were not Significantly different frcem those fed the SBM 
diet. Uric acid was significantly (P<.05) depressed in pigs 
fed C-RSM+SBM diets compared with pigs fed the 00-RSM, 00- 


RSM+SBM and C-RSM diets. 


At 12 hours glucose was significantly (P<.05) greater 
for pigs fed SBM and 00-RSMtSBM than other pigs. Albumin 
values were Significantly higher for pigs fed these diets 
than was the case with 00-RSM or C-RSM diets (P<.05). LDH 
values were Significantly (P<.05) higher for pigs fed the 
OO-RSM+SBM diet than for animals fed the 00-RSM or C-RSM 
diets. Bilirubin was Significantly higher for pigs fed 00- 
RSM+SBM than pigs fed octher diets. SGOT was also 
Significantly (P<.05) greater for pigs fed 0O-RSM+SBM and 
£0r pigs fed the C-RSM diets “than pigs fed the other 35 


diets. 


Sex differences were apparent for a number of 
parameters: body weight at bleeding (F<M, P<.05), feed 
consumed at bleeding at 9 weeks (F<M, P<.01), phosphorus at 


0O-hours (F<M, P<.05), uric acid at 4 hours (F<M, P<.05). 


Numerous significant replicate effects are apparent in 
Tables 16b-d. However, since these animals were all treated 
in the same manner and only one week separated the replicate 
bleedings, the cause of the Significant replicate effects 


cannot be determined. These effectS may demonstrate the 
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large amount of variability which was apparent in the 


results. 


Significant differences between bleedings were evident, 
consequently further statistical analyses were made using 
bleeding times (initial, O-hours, 4-hours, 8-hours and 12- 
hours) as a factor in the analysis of the data from each 
bleeding time. The overall data of bleeding times are 


presented in Table 16f. 


A considerable number of interactions of bleeding times 
With various other parameters occurred in the overall 
analysis which were not evident when bleeding times were 
analyzed separately. These interactions are not consistent 
across treatments, sexes or replicates for the various 
parameters and will not be considered further. However, 
since the results in Table 16-f do show some large 
differences associated with time cf bleeding, it is of value 
that these parameters should be considered in an overall 


analysis. 


The highest value for serum calcium was found at thesno= 
hour bleeding and was lowest at 12-hours. Although these 
differences were significant (P<.05), the actual differences 
are small and within the normal range found by Kaneko and 
Cornelius (1970), Bowland (1975), Perrin (1975), Egbuiwe 


(1975), Aherne et al (1976) and Mia (1976) for pigs of the 
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weight range of the animals in the present experiment. 


No Significant differences between bleeding times were 
found for phosphorous and the range of the values are within 


normal limits shown by the above authors. 


Glucose levels were significantly (P<.05) depressed at 
the O-hour bleeding compared with other bleeding times and 
at the initial bleeding at 6 weeks glucose levels were 
Significantiy (P<.05) depressed compared to other values. 
Also, values at 4-hours after a meal were significantly 
(P<.05) higher than at other times. The minimum and maximum 
values noted above agree with ccmmon glucose metabolic 
theory that glucose levels increase during absorption of a 
meal as seen in the high value at 4-hours and decrease in 
the post-absorptive state as seen in the values at 0O-hours 


(Lehninger, 1970). 


Urea nitrogen was Significantly (P<.05) higher at 4- 
hours and significantly (P<.05) lower at O- and 12-hours 
than at other times. Values at 12 hours were Significantly 
(P<.05) lower than at O-hours but differences were not 
large. Orok and Bowland (1975) reported increase of plasma 
urea from 0-7 hours after feeding. The present results 
indicate that the peak blood urea concentration occurred at 
about U-hours after feeding when measured at 9 weeks of age 


but Orok and Bowland (1975) found that much individual 
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animal variation occurred in the time of peak urea 
production. Considerable variation also cccurred in the 
present study. In Tables 16b-e it appeared that urea level 
of the pigs fed O0-RSM+SEM was higher than values for pigs 
on other diets but differences for urea nitrogen were not 


Significant at any bleeding time. 


Uric acid was significantly (P<.05) higher at the 
initial bleeding at 6 weeks than any of the bleedings at 9 
weeks. The initial value is markedly higher than those 
reported by Bowland (1975) and were found consistently in 
the data at 6 weeks. The values for serum uric acid 
reported by Bowland (1975) for combined 3 and 9 _ week 
samplings are Similar to the results of the present study at 


9 weeks. 


Cholesterol increased significantly (P<.05) with age 
from 6 to 9 weeks, but values within the same day at 9 weeks 
were generally similar, although significantly (P<.05) less 
at 8 hours than at O-hours following an overnight fast. As 
was noted mn the analyses cf the treatment effects at each 
time, pigs fed both diets containing C-RSM showed 
cholesterol levels that were significantly (P<.05) higher 
for pigs fed C-RSM compared to animals fed SBM or OO-RSM+SBM 
at the 0 and 4-hour bleedings but not at the 8 and 12-hour 
bleeding. Cholestercl levels of pigs fed the 00-RSM diet 


were generally intermediate between the above diets. Also 
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at 8 and 12 hours no consistent trends in serum cholesterol 
levels were noted. Interpretation of these data is 
difficult since treatment effects were not consistent but in 
general are within the ranges suggested by the data of 
Bowland (1975) and Aherne et a} (1976). Diets with high and 
low oil contents were included in bcth of these reports and 
show that serum cholesterol was significantly (P<.05) higher 
in pigs fed high fat compared with low fat diets. Bowland 
(1975) found that 2% RS oil added to an SBM diet caused 
Significant (P<.05) elevation in cholesterol in pigs. 

Swenson (1970) indicated in a review of the literature that 
large amounts of tallow couid elevate serum chclesterol but 
no evidence could be found to indicate whether the tallow 
levels in these diets would likely cause any difference in 
serum cholesterol. Research on effects of cholesterol 
apparently involve wider differences in fat than these 
studies. In the present study fat levels were slightly 
higher in the C-RSM diet than C-RSM+SBM diet (Table 11)- 

However, the same levels of fat were included in the 00-RSM 
as in C-RSM diets but cholestercel levels of pigs fed the 
former diet were not significantly different from pigs fed 
the SBM diet at the initial 0, 8 or 12 hour bleedings but 
were significantly (P<.05) different at 4 hours after 
bleeding. These results while nct completely consistent, do 
indicate that the elevated serum cholesterol in pigs fed the 


C-RSM diet was likely a reflecticn of a reduction in thyroid 
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function and not due to the small differences in tallow in 


the diets in this study. 


Total protein and albumin increased significantly 
(P<.05) from 6 to 9 weeks. Values for total protein were 
highest (P<.05) at O-hours but albumin values were not 


significantly different at any bleeding time at 9 weeks, 


Bilirubin showed opposite trends to glucose and urea 
Nitrogen and was highest (P<.05) at 12-hours and lowest at 
4“-hours after feeding. Bilirubin was significantly lower at 
4 hours than at O-hours. This may reflect the secretion of 
bile during digesticn. These values for bilirubin appear 


higher than those reported by Bowland (1975). 


Alkaline phosphatase levels at the initial and at the 
8- and the 12-hour bleedings were significantly (P<.05) less 
than at 0-hours, The findings at 0O- and 12-hours are 
somewhat contradictory in that both represent periods of 
fasting and would be expecced to show Similar trends. 
Results of alkaline fhosphatase determinations must he 
considered in light of the responses to treatmentS aS were 
found for cholestercl, iee. decreased alkaline phosphatase 
levels often found in hypothyroidism. Alkaline phosphatase, 
is, however, a very non-specific enzyme (Lehninger, 1970) 


which can be affected by many factors. 


LDH and SGOT showed Similar patterns of response to 
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alkaline phosphatase with values at 12-hours Significantly 
(P<. 05) greater than initial, 0- and 4-hour bleedings. The 
marked depression Of SGOT at O-hours is unusual in 
comparison with other values but still within the range 
indicated as normal by the work of Bowland (1975). The 
results at 12-hours post-prandial are nearly double those of 
Bowland (1975), Perrin (1975), Egbuiwe (1975) and Aherne 
(1976) . Differences between treatments were Significant 
(P<.95) only at 12-hours for LDH and SGOT when analyses of 
treatment effects were made at each bleeding time. These 
high values may be related to the high reading at 12-hours 


On an overall basis. 


With the exception cf bilirubin at  iz-hours, the 
results obtained lie within the normal ranges determined by 


other workers. 


The usefulness of these tests has been well established 
as diagnostic tools in human and veterinary clinical 
medicine (Van Kampan et al, 1972; Mia, 1976). “As "Such, S2£ 
is possible to conclude that no major myophathies or other 


degenerative conditicns occurred during EES tilade 


Summary 


The live animal performance in this experiment 


approximated the results in Part 1 of this thesis with the 
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exception of the 00-RSM+SBM diet. The depression of ADG and 
e7G 1oOL this treatment was not typical of performance of 
pigs on this type of diet. Results in Part 1 were much 
better for the O0O-RSM+SBM diet than in the present 
experiment, and are also similar to findings of other 


workers. 


ADG of pigs fed OO-RSM diets was Significantly (P<.05) 
better than pigs fed C-RSM but significantly (P<.05) less 
than Pigs fed SBM. ADF and F/G were also markedly depressed 
in pigs fed C-RSM, but differences were not significant, 
most likely an effect cf the large variation of animals 
within treatments. Partial replacement of SBM by C-RSM 
resulted in a rate of growth intermediate between SBM and 


OO-RSM diets. 


No significant differences due to treatments were found 
in the present study for DE, ME, DN coefficients nor for DE, 
ME or DN/kg of diet. However, results tended to be slightly 
better for the SBM diet than for any of the ESM diets but 


differences were not significant. 


Fat and protein estimates of carcass liver and muscle 
were not influenced by dietary treatments to any great 
extent. However, protein content on a dry, defatted basis 
of livers of pigs fed the C-RSH diet was significantly 


(P<.05) less than that of pigs fed other diets. 
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Thyroid weights at 10 weeks of age showed that 
enlargement of the thyroid occurred in pigs fed toth diets 
containing C—-RSN-. Also, significantly (P<.05) lower T-4 
levels were found in the serum of pigs fed those diets 
compared with the SBM and 00-RSM*SBM diets, but were still 
within the euthyroid range found ty other workers. ne Se BS: 
then possible to conclude that C-RSM caused thyroid 
hypertrophy, but because the T-4 values fell within the 
euthyroid range of other workers, and serum cholesterol, 
glucose and alkaline phosphate ore not changed 
consistently, it cannot be determined in this study whether 
or not a hypothyroid condition definitely existed. The 
possibility of a hypcthyroid condition was probable for pigs 
fed cC-RSM as the sole source of protein considering the 
severe depression of live animal performance for these pigs. 
These findings do not invalidate the general recommendations 
for feeding RSM to pigs because levels of C-RSM used (11.4- 
28.3%) were much higher than currently recommended levels of 


5% RSM in the diet, 


The analyses of serum constituents indicate that no 


gross myopathies or other degenerative conditicns occurred. 


The most important finding of this experiment was that 
the thyroid response of pigs fed the 0O0-RSM diet was 


markedly improved compared with pigs fed the C-RSM diet. 
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Also, the hypertrophy which occurred with pigs fed both of 
the  C-RSh diets did not occur to the same extent in pigs fed 
the O0O-RSM diet. Thisi@is of particular importance 
considering the very high levels of 00-RSM which were fed. 

It can therefore be cencluded that the residual levels of 
glucosinolates in Tower RSM should not be a barrier to 
increased utilization of this protein source for starting, 


growing and finishing pigs. 


i 
a 
_ 
waft’ 
TT 


: $ ~ ’ oo ¥ ¥ 
A pct tap ow 68 : tered nap + 


1 held haart 
‘brh 2 EB: a 
ol ‘i iL _ 


J ' 7 ie - * 
-paekh “Westy 


i. - rae ha ; : 7 rT) 

a, Cen, . jae 
val tek yaew et inate ance 
“Tt . ae a — 


ee 
2 \wo? hi i te DONS ase te 
: be ; ry 
‘4 2f89 (36 @okteer lise bes enone 
eros oo 
2ehg oa kde bot? bA8 a 


—_ 


130 


PART 3. EFFECTS OF DCUBLE-LOW RAPESEED MEAL ON GROWTH, 
APPARENT DIGESTIBILITY, CARCASS CHARACTERISTICS 


AND THYROID WEIGHT OF RATS 


Introduction 


Recent research has indicated that low glucosinolate 
RSM is of considerably higher nutritional value than high 
glucosinolate RSM. Bell et al (1972) found that no 
Significant differences in feed consumption, body weight 


gain or feed efficiency were observed in rats fed diets 


containing either Eronowski RSM or casein as protein 
sources. A high gluccsinolate RSM produced markedly 
inferior performance. Josefsscn and Munk (13973) and 


Josefsson (1974) reported that no depressicn occurred in 
feed intake or hody weight gain of mice fed diets containing 
RSM with less than 1 mg/g of total glucosinolates. Also, 
the growth response curve was inversely correlated with 


glucosinolate content. 


Little information is available on the nutritive value 
of OO-KSM= for rats. However, Seoane and Gorrill (1975) 
feeding diets with semi purified energy sources containing 
rapeseed flour and rapeseed oil from Tower rapeseed found 
that feed intake and body weight gain was Significantly 
(P<.05) less for the rats fed Tower rapeseed flour than for 


rats fed soybean tlour and corn oil. FCE however was 
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Significantly (P<.05) better for rapeseed flour than soybean 
£Pour. Also energy and protein digestibilities were 
Significantly (P<.05) improved for diets containing rapeseed 


flour compared with rats fed diets with soybean flour. 


The objective of the present study was to assess the 
nutritive value of O0O-RSM as a source of protein using 


weanling rats as the test species. 


Experimental 


Animals_and_ diets 


Fifty weanling rats of the Sfrague Dawley strain at the 
Department of Animal Science, The University of Alberta, 
were fed the 5 diets used in the starting phase of the pig 
experiment in Part 1 of this thesis (Table 17). Diets were 
formulated to be isonitrogenous and isocaloric with a 
protein/calorie ratio (mg protein/kcal gress energy) of 
42.6-44.5. NAS-NRC (1972) suggests that a protein/calorie 


ratio of 33 is adequate. 


The experimental period was 4 weeks, from 3-7 weeks of 
age. A total of 20 females, 4 on each diet and 30 males, 6 
on each diet, were maintained in individual cages 100 2 
batteries in the same temperature and humidity controlled 


room (22 C, 45% R-H.-)- Feed and water were available ad 


libitum. 


ret 


ty. 
— 


1 


is ' 
- y 7 i) 
. : F 
a s 
a ae 
ry ’ -eite \ 7 i J 


: 
onte. 


-_ 7 
with 


wy ¢ { 
fl , ' 
: + tol? 
q rep i Led e) 
” } { 
: + 
' ita 
T \ 
' Fs i : 
. ae a ej eeworeed riled 7 2 i 
7 re 
i ; ‘Pid 4 “) a a0 9 ore <40Na s 
ae 
‘ (9 CRG eel 
' in : 
aren 
. 
é = 44 . Ki 
| i 
q g ¢a% ~! iF Pi y 
Rue Pes 4 bdo Mt rb, 
; : 


deh BS HS 


AF 


7 4) 


137 


Table 17. Formulation of diets (percentage basis =- as fed) 


Treatment no. 1 2 5 k 5 
Protein source SBM“ O00~RSM 00-RSM+SBM C-RSM C-RSM+SBM 


Ingredients 


Wheat 56.3 Nise RGF? 40.7 48.8 
Barley 20.0 20.0 20.0 20.0 20.0 
Soybean meal (48% C P) WHY 0) 94 9) 10.0 
O0-Rapeseed meal 

(38% C P) 0 2565 11.9 ) fo) 
C-Rapeseed meal (33% C P) 0 0 0 313 14.1 
Animal tallow IAS 3.0 Cee Bes 266 
Iodized salt On5 0.5 0.5 0.5 0.5 
Limestone (ground) LS) 1.0 1.0 Loe Lae: 
Calcium phosphate 1.5 1.5 165 1.5 We? 
Mineral-vitamin premix 1.5 1.5 ie MES) eS 
Composition-determined 
Dry matter % 90.9 90.5 91.9 92.3 92.5 
Crude protein % Noth. 17.8 18.0 17.9 18el 
Gross energy kcal /kg 3987 4175 4,030 O51 4018 
Crude fibre % Ah sak 6.2 5.0 Tek Ba¥ 
Calcium % 0.93 1.04 0.98 ak gakak 0.99 
Phosphorus % 0.75 0.87 0.78 0.97 0.89 
Oxazolidinethione mg /g ) 0.3 0.1 0.5 0.3 
Isothiocyanates mg./g O. 6) 9) 0.8 0.3 
Total glucosinolates mg /g. O. 0.3 OL Ls 3 0.6 


4 SBM= soybean meal; O0O-RSM= rapeseed meal from Tower rapeseed (low glucosinolate, 
low erucic acid); C-RSM= commercial rapeseed meal. 
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Males. averaged 63.5 g at allcttment and females 58.8 g; 
this difference was statistically significant (P<.05). Body 


weight and feed consumption were determined weekly. 


A digestion trial was conducted from days 11-14 with 3 
male and 3 female rats in each treatment in one battery of 
cages. Feed consumption was determined daily during the 
digestibility study, feces were also collected daily and 
stored at 4&4 C until the end of the collection period, dried 
at 105 C for 2 hours and then ground in a laboratory mill. 
Digestibility coefficients were determined by the total 
collection method. Digestibility of energy and nitrogen was 


determined by the methcd of Sibbald et al (1957). 


Apparent digestibility of amino acids of feed and feces 
was made using a Type 5AH amino acid analyzer! following the 
method outlined by Orck (1$73)- 


Carcass analysis 


At the end of the 4 week feeding period all males and 2 
females in each treatment were weighed and then killed using 
chloroform. The remaining females were kept for other 
studies. Thyroids of rats that were killed were removed and 


weighed. Digestive tracts were removed, freed of ingesta 
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and returned to the abdceminal cavity. The weight of 
individual ingesta ~ free carcass was recorded as empty body 
weight. Each carcass was then oven dried at 60 C for 5 days 
until weight loss stabilized at about 1 g per day. After 
equilibrium to atmospheric conditions, weights were recorded 


as air-dry body weight. 


The entire dried rat carcass was then dissolved by 
refluxing in 6N-HC1 fcllowing the method outlined by Olonmu 
(1974). The amount of acid used for digestion was based on 
4 ml of acid per gram of dried carcass weight. The digesta 
of rat carcasses was made up to a standard volume of 500 ml 


by addition of distilled water. 


Analyses of carcass dry matter, fat and Kjeldahl 
nitrogen were made according to standard A.O.A.C. (1970) 
methods using a 5 ml sample. Initial results indicated that 
it was necessary to heat the carcass digesta for a short 
time under a hot water tap and to stir using a magnetic 
mixer while sampling. This procedure resulted in uniform 
dispersion of fat which otherwise tended to collect at the 
top of the digesta. 


tatistical methods 


Analyses of variance (ANCVA) of the data were computed 
using the method of unweighted means outlined by Bancroft 


(1968). This procedure was necessary Since preliminary 
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analyses indicated that significant differences occurred 
btetween the two batteries used to house the animals. This 
effect is identified as Location in the tables and may have 
been caused by frequent handling of the animals during the 
digestibility trial. However the effects should have been 
consistent across treatments and should not have influenced 
the results on any one treatment. Since 3 females and 3 
males in each treatment were used in the digestibility 
studies, a total of 30 rats were housed in Location 1 and 20 
in Location 2. Also, two females in each treatment used in 
the digestibility trial were retained at the completion of 
the study, therefore unequal representation of the sexes 
occurred in the carcass studies. Calculation of the 
adjustment required for the error mean square was outlined 


in Part 2 of this thesis. 


Treatment means were compared using Duncan's Multiple 
Range Test (Steel and Torrie, 1960) which was preceded by a 
significant F test (Waldo, 1970). A probability of 0.05 was 
selected as the point of significance between means. The 
sources of variation were 5 diets and 2 sexes. All factors 


were tested against the adjusted error mean square as 


outlined by Bancroft (1968). 


All sources of variation except location, replicate and 
animals were considered as fixed. Notations used to 


indicate level of sigrificance are x (P<.05), **x(P<.01), 
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*e*x (P<.01). Means not significantly different bear the same 


Superscript or no superscript. 


Results and Discussion 


The results will be considered in the crder of live 
animal performance, digestibility of diets, carcass 


compoSition and thyroid weights. 


Body weight after 4 weeks on the experimental diets 
shows that rats fed SBM and 00-RSM+SBM weighed significantly 
(P<.05) more than rats fed the 00-RSM diet or the 2 diets 
containing C-RSM (Table 18). The same Significant (P<.05) 
trend was found for feed consumption (FC) as for body 
weight. Body weight gain (BWG) and FC of rats fed 00O-RSM 
was Significantly (P<.05) less than rats fed SBM or 00- 
RSM+SBM diets. Rats fed both diets containing C-RSM gained 
Significantly (P<.05) less than rats fed other diets. FC, 
BWG and 4-week weight of rats fed the C-RSM diet was 
significantly (P<.05) less than that of rats fed all other 
diets. Also, rats fed C-RSM required more feed per unit of 
gain (P<.05) than other rats. F/G of rats receiving half of 
the protein supplement from C-RSM was not significantly 
different from rats receiving 00-RSM but was significantly 


(P<.05) inferior to rats fed SBM and OO-RSM+SBM. 
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Table 18. Influence of diets and sex on food consumption, body 


weight gain and feed: gain ratio (4 weeks) in rats 


Treat- Number Starting 4mweek Food Body 
ment Protein of Ute wt o consumption wt. 
no. source animals g g gE Bain g. Feed/gain 
7 spu* 10 6105 192.7) 446.25 251.20 3.50) 
_@ O0O-RSM 10 60.6 174k Law IB Biel) 3076, 
5 O0-RSM+SBM 10 63.5 191.49 434.22 12720. 5.51 
ik C-RSM 10 60.3 150.7 366.24 90.44 46230 
5 C=RSM+SBM 10 59.7 162.9° 391.7° 103.2% 3.95 
Sex 
F 58.8 14709 374.8 89.1 Bacal 
M 63.5 ZOlOn =e IAG state MEO ty Ee (ae 
Location fi 
1 60.6 169.6 416.4 109.0** 4.0 
2 61.7 179.3 404.2 I lS 3.6 
Grand mean 61.1 17h ek LLOe> Wa eS: 3.8 
San Mee 1.15 3025 5.92 2.72 0.09 


Z# SBM= soybean meal; OO-RSM= rapeseed meal from Tower rapeseed (low glucosinolate, 
low erucic acid); C-RSM= commercial rapeseed meal. 


fy 


SEM= 


a,b,c 


Standard error of mean8. 


Means in the same row with the same letter or no letter are not significantly 
different at P<.05. 
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These findings in the main reflected the results of the 
pig studies except that rats appeared relatively more 
affected by the medium-high glucosinolate RSM used as _ the 
source of C-RSM in this study than did pigs. This was 
evidenced by the fact that in this present work FC, BWG and 
F/G of rats fed C-RSM+SBM were significantly (P<.05) 
inferior to rats fed 00-RSM. These differences were not 
found in the pig experiment. Hussar and Bowland (1959) 
found that BWG and F/G were depressed for rats fed 10% of a 
high glucosinolate B. napus RSM and that growth of pigs was 
also depressed by 10% but not by 2% RSM. Orok et al (1975) 
found that rats were affected to a greater extent by Span 


RSM than were pigs, as in the present study. 


The present werk was not entirely consistent with the 
reports of Josefsson and Munk (1973) which showed that diets 
containing RSM and having less than 1 mg/g of glucosinolate 
in the diet did not result in reduction in FC, gain or F/G 
for mice. In the present experiment, consistent reduction 
in performance was cbserved in rats fed the C-RSM+SBM diet 
containing 0.6 mg/g cf total glucosinolates (Table 17). The 
RSM used in the C-RSM diets contained considerable 
quantities of ITC as shcwn in Table 4, whereas 00-RSM had 
very little. Thus, the combination of the levels of ITC and 
OZT present in the C-RSM used in this study appear to have 


affected growth at a level of 0.6 mg/g of diet. The results 
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suggest a continuous improvement in overall performance as 
glucosinolate level of the diets decreased. In Table 17 a 
cranking of the diets according to glucosinolate level 
indicates: C-RSM>C-RSM+SBM>00-RSM>(00-RSM+SBM=SBM). Inverse 
ranking was observed for performance. The results of the 
present trial indicate that growth response of rats fed RSM 
may Show a continuous improvement as glucosinolate ievels 
decrease, whereas for pigs, levels of 0.6 mg/g of diet 
resulted in performance similar to 00-RSM diets containing 
0.3 mg/g of total glucosinolates. The results noted above 
for rats and pigs compared to mice in the work of Josefsson 
and Munk (1973) may be true species differences and indicate 
that caution is required in extrapolating growth responses 
to glucosinolate levels frcm one species of test animal to 
other species. The data of Bell et al (1972) support the 
view of a greater depression of growth in rats than mice to 
a variety of gluccsinclates, as indicated by greater number 
Of Significant @ifferences and relatively inferior 
performance of rats fed high gluccsinolate B. napus, yellow 
Sarson, QOfientai mustard of hydroxynitriles compared with 


mice. 


Typical sex differences for rats were found with males 
Significantly (P<.001) superior to females ffor all 
parameters of performance considered. Newell (1973) and 


Orok et al (1975) obtained similar results. 
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Certain significant location effects were found. Rats 
in the battery of cages used for the digestibility trial 
(Location 1) weighed significantly (P<.05) less after 4 
weeks on trial and gained significantly (P<.05) less than 
rats in the other battery. F/G tended to be inferior for 
the rats located in the battery used for digestibility 
studies. Also, feed intake appeared greater for rats 
Maintained in the digestibility battery although differences 
were not statistically significant for the last two 
parameters. 


Digestibility of diets 


Apparent digestibility coefficients for energy and 
nitrogen of the SBM and C~RSM+SBM diets were significantly 
(P<.05) greater than for the C-RSM diet (Table 19). DE and 
DN of the OO-RSM and O0O-RSM+SBM diets were intermediate 
between the C-RSM and C-RSM+SBM and SBM diets but these 


differences were not significant. 


DE/kg of diet showed that the DE of the C-RSM+SBM diets 
was Significantly (P<.05) higher than for all other diets 
except 00-RSM while the other 3 diets were not different 
from each other. Significant differences (P<.05) were found 
for estimates of DN/kg of diet with higher (P<.05) estimates 
for C-RSM+SBM than the other 3 diets with RSM, but not 


significantly different between the SBM and C-RSM+SBM diets. 
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Lower DN values were found for O00-RSM than for the SBM or C- 
RSM+SBM diets (P<.05). Pigs also showed reduced 
digestibilities on diets in which either RSM completely 
replaced SBR. Hussar and Bowland (1959b) found that 
digestibility of energy and nitrogen as well as DE and DN/kg 
of diet was significantly (P<.01) depressed in rats fed 
diets containing 10% RSM of Be. napus origin compared to 
controls fed SBM diets. In the same report of kussar and 
Bowland, a definite but non-significant trend in pigs was 
also noted for lowered digestibility of diets by animals fed 
10% RSM in the diet ccmpared with pigs fed SBM. Bowland and 
Standish (1966) found no depression of digestibility of 
energy or protein in rats fed RSM of B. campestris origin 
when RSM comprised 15% of the diets. Glucosinolate levels 
in this report were not stated. Thus, it appears that the 
effect of RSM on coefficients of digestibility are variable 
but in the main, it is apparent from the present work that 
very high levels of RSM may cause a reduction in 


digestibility of energy and nitrogen in rats as well as in 
pigs. 


ae a ee SS ee 


Significant (P<.05) differences were found for apparent 
digestibilities of histidine, isoleucine, lysine, 
phenylalanine, threoninine, cystine, glutamic acid, proline, 


serine and tyrosine (Table 19). Digestibility of the above 
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amino acids in the C-RSM+SBM and SBM diets, with the 
exception of histidine and cystine, was significantly 
(P<.05) greater than the 00-RSM+SBM diet. The OO-RSM and C- 
RSM diets tended to have intermediate digestibilities, but 
were not Significantly better than the 00-RSM+SBM diet for 
any of the above aminc acids. Recovery of amino acids aS a 
percentage of protein was significantly (P<.05) better for 
the SBM and significantly (P<.05) lower for the 00-RSM diet 
than for the O0O-RSM+SBM or the C-RSM diet. Lowest 
digestibilities of amino acids across all the diets occurred 
for lysine, methionine and threonine. These are the amino 
acids most likely to be deficient in diets based on small 
grains and SBM or RSM (Rerat, 1972; Ivan, 1974; Aw-Yong and 
Beames, 1975). The sane amino acids were also found to have 
the lowest apparent digestibilities in the pig trial except 
that lysine was significantly lower in the 00-RSM+tSBM diet 
than in the SBM and C-RSM+SBM diets for rats. It is not 
possible to conclude from the present study that a problen 
of availability occurred for these amino acids within the 
different diets. A ranking of the digestibilities of all 
the amino acids across diets shows that the same relative 


differences occurred across all diets. Similar results were 


observed in the pig experiment. 


No sex differences in any parameters of digestibility 


were found in the present study. This work is in agreement 
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with Bowland and Standish (1966) but Hussar and Bowland 


(1959b) found that digestibility cf diets containing RSM was 


lower in female than gale rats. 


The overall trend of the digestibility of amino acids 
is that lower apparent digestibility was found in the 00- 
RSM, OO-RSM+SBM and in the C-RSM diets than in the SBM or C- 
RSM+SBM diets. These findings are not reflected in the 
performance data. BWG of rats fed diets containing 00-RSM 
was Significantly (P<.05) better than either C-RSM diet. 
The relatively high digestibility of amino acids in rats fed 
the C~RSM+SBM diet and low digestibility in the 0O0-RSM+SBM 
diet is puzzling in that this effect was not reflected in 
performance of the cats, whereas the amino acid 
digestibilities were reflected in the performance of the 
pigs. The opposite eee existed for O0O-RSM+SBM with 
low digestibility but high performance in rats, and high 
digestibility and high perfcrmance in pigs. Since 
digestibility trials by necessity are conducted over a short 
period of time relative to the entire experimental feriod, 
the possiblity exists that the results. of “digestibility 
studies may not agree with Bterads performance for the whole 


experimental period (Bowland, 1972, 1975). 


The most important implication of this digestibility 
work is that the digestibility of amino acids is directly 


related to digestion of the entire diet. This is evidenced 
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byvthe fact -that “all. estinates’ of energy and nitrogen 
digestibility show the same trends as seen in amino acid 
digestibilities (Table 19) including the high estimates for 
the C-RSM+SBM diet. in the pig experiment in Part 1 of this 
report, apparent digestibility of amino acids also closely 
approximated digestibility of energy and nitrogen. Sarwar 
et al (1975) suggested that lysine availability was lower in 
RSM than SBM for rats but this finding could not be 
evaluated in this present study. Later work by these 
authors using OO-RSM for pigs did not show reduced 
availability of lysine. A major difference between pigs and 
rats in the present digestibility study was that the low 
digestibility of the O0O0-RSM+SBM diet with rats was not 
reflected in low performance. Growth of rats fed 00-RSM+SBM 
was equivalent to that of rats fed the SBM diet. Inge pigs, 
both digestibility and performance on the 00-RSM+SBM diet 


were uniformly high and equivalent to pigs fed SBM diets. 


The main point cf the digestibility work with rats is 
that the findings with pigs of a reduction of digestibility 
with complete substitution of SBM with very high levels of 
RSM are confirmed. Both species showed a _ reduced 
digestibility of diets with complete substitution of SBM by 
OO-RSM or C-RSM. Although this depression of digestibility 
was not large it may account for the moderate reductions of 


F/G observed in pigs and rats fed O00-RSM compared with SBM 
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diets. The moderate depression cf digestibility of C-RSM 
diets cannot acccunt Lor the severe depression in 
performance which was attributed to high gluccsinolate 
levels. 


Carcass _studies 


As was mentioned in Part 2, chemical analyses of animal 
carcass tissues are often carried out in poultry studies in 
RSM work (Olomu, 1974) and also in rat studies (Sarwar et 
al, 1975). These analyses give some indications of effects 
of RSM on eareass characteristics as are obtained with 


market pigs. 


Final weight, empty body weight and dry body weight 
were Significantly (P<.05) greater for rats fed the SBM 
diets than rats fed 00-RSM or either diet containing C-RSM. 
Weights of rats fed O0-RSM+SBM were intermediate between 
rats fed 00-RSM+SBM diets. Weights of rats fed 00-RSM were 
Significantly (P<.05) greater than those fed C-RSM or C- 
RSM+SBM diets. The empty and the dry B.W. of rats fed the 
C-RSM+SBM diet were significantly (P<.05) greater than those 
fed C-RSM. These results are to be expected since they are 


based on live animal body weights which showed similar 


trends of differences. 


No significant differences were found for dry matter or 


carcass protein estimates. Body fat estimates showed that 
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cats fed both 00-RSM diets had significantly (P<.05) higher 
carcass fat than rats fed SBM or C-RSM. Rats fed the C-RSM 
diet were leanest but this may have been a reflection of the 
lighter live body weight of the rats on this treatment at 


the end of the trial. 


The carcass fat analyses suggest that rats fed the 00- 
RSM diets retained a greater proportion of the feed consumed 
as fat compared with cats fed the SBM diet. This effect of 


greater fat in animals fed 00-RSM was not observed in pigs. 


Sex differences were found only for carcass weights. 
Males weighed significantly (P<.001) more than females. 
This finding would be expected from the gain and 4-week 
weights observed for live animal performance. bf 3 is 
interesting that ne differences in carcass fat were noted 
for sex in the rat studies whereas barrows in the pig study 
had greater backfat as reported in Part 1 of this thesis. 
No metabolic differences in digestibility Or carcass 
characteristics due tc sex were evident in the present work. 
This effect was also noted in the report of Orok and Bowland 
(l2d5)%. 


thyroid weights 


No significant differences between treatments were 
found for thyroid weight (Table 21). The standard error of 


the means for these parameters is high indicating that 
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Table 21. Influence of diets, sex and body weight on 
weight of rat thyroids 


Thyroid yt./ 


Treatment Protein Number of . Thyroid final BW+ 
noe = source animals wt. mg mg /100§ 
7 SBM* 8 11.9 Aol 
2 00-RSM 8 lle& Ged 
3 00-RSM+SBM 8 11.0 5-8 
hk C-RSM . 8 9.6 663 
5 C-RSM+ SBM 8 967 6.1 
Sex 
F 10.1 so 
M pla eS SPY etacttad 
Location 4 
ui LOs6 6.4 
2] 10.8 5.9 
Grand mean 10.7 6-1 
SM 0.71 ge 


# SBM= soybean meal; 00-RSM= rapeseed meal from Tower rapeseed (low glucosinolate, 
low erucic acid); C=-RSM= commercial rapeseed meale 


+ SkM= Standard error of meanSe 


++ 


BW= body weight. 


mr) eh eS Sees 


tig tow good baa 425 er ¥:) 5 wat 
; ay 
tore td ta is at be 


aes: yal: bee Li a9 er taxor? 
Y oy." ers | ona 
7. 8 
Bee 3° 
Pe mh » ae : 
= 4 a ’ 
5 8 
wit 7 
eR. 
: 
r 
’ 
i 
LN 
afi 
Dekwoatt a wold Sac eget. W2OT BIST + Ined hyscmerg ims, ‘at — 


> esr fadeaastan re 


ore 


: by) 7 
- 


150 


considerable variaticn occurred in thyroid weights. This 
factor may be a reflecticn of the difficulty in accurately 
removing and weighing all thyroid tissue in young rats due 
to the small size of the gland. However, a non-significant 
trend was apparent with glands of rats fed both diets 
oa Pa C-RSM weighing slightly less than those of other 
‘rats. The body weight of rats fed C-RSM diets also was less 
than other rats, thus the difference in thyroid weights 
disappeared when expressed as a function cf body weight. 

The latter findings, particularly, are not consistent with 
the results of the pig experiment in Part 2, where thyroid 
weight/body weight was significantly (P<.05) greater in pigs 
fed the C-RSM and C-RSM+SBM diets. It is possibie that the 
large between-animal variation and relatively small number 
of animals in light of the large variation may have 
contributed to lack of significant differences in these 
results. Such effects have been found by Lo and Bell (1972) 
where diets containing rapeseed meal with up to 4 ng/g of 
glucosinolates failed to elicit significant differences in 
thyroid weight. Ina previous trial Lo and Bell (1971b) had 
shown mete icantiy (P<.05) increased thyroid weights GE 
rats fed diets containing 2.6 ng/g of total glucosinolate. 

Thus, interpretation cf thyroid weight data in rats as an 


indication of thyroid hypertrophy is uncertain. 


Thyroid weight/body weight showed that thyroids of 
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females were Significantly (P<.001) larger than males. 
Similar observations were reported by Hussar and Bowland 
(1959a), Manns and Bowland (1963), Bowland and Standish 
(1966), and Orok (1973). No interactions between sex and 
dietary treatments were noted in the present study nor in 
other coors This indicates that RSM does not have a 


greater effect on thyroids of females than males. 
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GENERAL DISCUSSION OF PARTS 1-3 


Pigs fed 00-RSM as a complete replacement for SBM as a 
protein supplement in diets based on barley and wheat gained 
faster (P<.05) and converted feed to body weight gain more 
efficiently (P<.05) than did pigs fed C-RSM in the starting, 
growing and finishing phases and in the overall experiment. 
ADF was Significantly different in the starting phase with 
pigs fed SBM or O00O-RSM+SBM consuming significantly (P<.05) 
more feed than pigs cn the other 3 diets. in the finishing 
phase cn fed both C-RSM diets consumed less (P<.05) than 
pigs fed the SBM diet. Pigs fed diets containing 00-RSM in 
substitution =f£0r “SEM dad ynet perform as well as those fed 
SBM, although the differences were not consistently 
Significant. In the starter phase ADF of pigs fed 00-RSM 
Was Significantly (P<.05) less than pigs fed SBM diets but 
in the growing period ADG and F/G and in the finishing 
period ADG were significantly (P<.05) less for the pigs fed 
the OO-RSM diet. In all cases performance of pigs fed the 


QO-RSM diet was inferior to pigs fed the SBM diet. 


Substitution of 00-RSM for 50 percent of the SBM 
resulted in live animal performance in pigs similar to, but 
in no case equal to cr better than SBM. These findings were 


confirmed in the rat experiment and are confirmed by other 


reports. 
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ea of cC-RSM for 50% of the SBM resulted in 
performance Similar to pigs fed 00-RSM but complete 
substitution markedly depressed performance, particularly 
F/G in pigs. In cats, FC, BWG and F/G were markedly 
depressed by both C-RSM diets. These findings suggest that 
the rat is relatively more sensitive to medium-high levels 
of glucosinolate than is the pig but very high levels of 
commercial rapeseed caused a depression of FC in the early 
stages of growth as well as severe reductions in rate and 


efficiency of growth throughout the trials in rats and pigs. 


Apparent digestibilities of energy, nitrogen and amino 
acids in diets with complete substitution of SBM by both 
sources of RSM were in some cases significantly reduced in 
pigs and in rats but in cther cases the differences were not 
significant. A trend to lower digestibility of the 00-RSM 
and C-RSM diets was apparent. Lowest digestibility of amino 
acids was found for lysine, methionine and threonine, but 
the same relative depression in digestibility of these amino 
acids was noted across all diets. Therefore, it is not 
possible to conclude from the results of this study that 
availability of amino acids was a factor limiting growth in 
diets containing RSM. Apparent digestibility of amino acids 
was closely related to the overall digestibility of the 
diets including energy and nitrogen. It was suggested that 


the Lower digestibility of both diets containing RSM as a 
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conplete substitution for SBM may have been due to the high 
fibre levels as a result of high levels of inclusion of 00- 
RSM and C-RSM in these diets. In the case of the 00-RSM, 
the moderate depression of digestibility which did occur 
could, in conjunction with a reduced feed intake, have 
accounted oor the moderate depression in performance of pigs 
and rats fed the 0O0-RSM diet. The high level of 
glucosinolates in commercial RSM were suggested to be the 
cause of the severe depression in growth of pigs fed the C- 


RSM diet. 


No important effects of the diet on carcass composition 
were found in this study. Measurements on the carcasses of 
market pigs following slaughter and also on muscle and liver 
tissue and serum ccnstituents of 10-week old pigs as well as 
entire rat carcasses indicated that normal protein and fat 
metabolism occurred. Differences in carcass composition 
which did occur cculd be attributed largely to cafrcass 


weight and sex. 


Thyroid function was investigated by determining blood 
serum thyroid hormone levels as well as serum cholesterol, 
glucose and alkaline fhcsphatase as well as weight of 
thyroid glands in pigs and rats and assessing thyroid 
histology in pigs. 1-3 and T-4 and PyB.L. levels of serum 
were found to be within the euthyroid range found by other 


workers although large mean differences for T-3 and T-4 
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occurred between the two time periods in one pig experiment. 
Serum T-4 levels were found to increase from 6 to 9 weeks of 
age thutaebiest. did not change in Chis interval. 

Significantly (P<.05) lower T-4 levels were found in pigs at 
9 weeks of age which had been fed both diets containing C- 
RSM as qeieae OO-RSM in one caSe, compared with pigs fed 
other diets. Pigs fed both C-RSM diets also _ showed 
Significant (P<.05) enlargement of thyroids relative to body 
weight as well as significantly (P<.05) elevated serum 
cholesterol .and glucose and depressed alkaline phosphatase 
compared with pigs fed SBM. Although T-4 levels were within 
the euthyroid range of 2.7-10.5 ug/100 ml found by other 
workers, the perfcrmance of both pigs and rats was markedly 
depressed on diets with C-RSM as a complete substitution for 
SBM. Pigs fed C-RSM as a partial replacement for SBM grew 
at a rate similar to pigs fed 00-RSM whereas growth of rats 
was markedly depressed by this diet. Since an (Pant V2, 
thyroid weight/body weight of pigs fed the O00-RSM diets was 
greater than pigs fed the SEM diet and thyroxine levels in 
certain instances were not completely equivalent to those of 
pigs fed the SBM diet, it must be concluded that very high 
levels of 00-RSM may have had some effects on thyroid 
function. However, such effects appear to be minor and much 


less severe than the thyroid inhibitory effects of C-RSM. 


As a result of the thyroid function assessment, it can 
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be Saud Cotes that hypethyroidism possibly occurred in 
animals fed the C-RSM diet. In the case of pigs fed C-RSM 
as a partial replacement for SBM, thyroid hypertrophy 
apparently occurred but growth rate was similar to pigs fed 
the 00-RSM diet. In the case of complete substitution of 
SBM by C-RSM, thyroid function in pigs was Similar to pigs 
fed C-RSM+SBM diets hut performance was markedly depressed. 

Performance of rats fed both C-RSM diets was inferior to 
rats on other diets. The results suggest that high levels 
of C-RSM not only caused thyroid hypertrophy but also 
markedly depressed F/G which resulted in pocr performance. 

Rats appeared to be affected to a relatively greater extent 
than pigs particularly in terms of the perfcrmance 


characteristics. 


These results do not negate current recommendations on 
the use of commercial RSM because much higher levels (Cisten 
33.1%) were used in the diets of pigs included in this study 


than are currently reccmmended. 


The most important findings of this work are that high 
levels of Tower RSM (low gluccsinolate, low erucic acid) 
used as a complete replacement for SBM resulted ina rate of 
growth which was markedly improved compared with RSM 
currently available commercially. Moderate reduction (8%) 


in the overall rate cf gain occurred in pigs fed Tower RSM 


as a complete replacement for SBM when compared to SBM. 
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This effect was largely attributed to reduced digestibility 
and some reduction cf feed intake of the diet resulting in 
less efficient conversion of feed into body weight gain. 

Reduced digestibility of the dietary energy, nitrogen and 
amino acids may have been associated with higher CF in diets 
containing RSM. Partial replacement of 50 percent of the 
SBM by Tower RSM resulted in no significant reduction of 


ADP, OADG and F/G. 


ToScan therefore be concluded that the glucosinolates 
remaining in Tower RSM are not a major concern in the diets 
of starting, growing and finishing pigs and are not a 
barrier to increased usage of Tower RSM aS a protein source 
for pigs. Levels up to 11 percent RSM from Tower RS in the 
diet or one-half of the supplemental protein should not 
result in any significant reduction in growth, feed intake 
or feed conversion efficiency. Lower fibre levels in RSM 
would be of benefit particularly for young starting pigs. 
Le is also recommended that in breeding of rapeseed 


cultivars, lysine and methionine levels be maintained or 


increased. 


“4 
—~? 
— ae 
be 4 
a 


tf ae | boa ty vat ty 
jipiows *eog .omH L'f¢ 
; v 
{ ¥ ry ‘ 4 ¥ 1 , 
‘ 1c. o> sede tw pe ay 
; aw 
ye ay incre  ewelen a ther 

. ce. s : 


a 


TSOP | 


158 


BIBLIOGRAPHY 
Agricultural Research Council. 1967. The Nutrient 
Requirements of Farm Livestock. No. 3, Pigs; 


Technical Reviews and Summaries. 


Aherne, F.X.,- Bowland, J.P., Berg, R.T. and McQuitty, J.B. 
1974. Swine producticn in Alberta. FEull. 22 (12th 
rev. ed.). Dept. of Animal Science, The University 
of Alberta, Edmonton, Alberta. 


Aherne, F.X., Bowland, J.P., Christian, R.G., Vogtmann, H. 
and Hardin, R-eI. 1975. Performance and histological 
changes in tissues of pigs fed diets containing high or 
low erucic acid rapeseed oils or soybean oil. Can. J- 
Anime weocs. Sot 77-65. 


Aherne, F.X., Bowland, J.P., Christian, R.G. and Hardin, 
R.T. 1976. Performance and myocardial and blood seral 
changes in pigs fed diets cuntaining high or low erucic 
acid rapeseed oils. Can. 1. Amime Sci. — accepted 
for publicaticn. 


Appelquist, L.A. 1972. Chemical constituents of rapeseed. 
In: Rapeseed Cultivation Composition, Processing and 
Utilization. L.A. Appelquist and R. Clsen (eds.). 
Flsemer Pub. Co., Amsterdam. p. 123-173. 


Armstrong, H-T. 1975. World oilseed situation, production 
and prospects. In: Oilseed and Pulse Crops in Western 


Canada —- A Symposium. J.T. Harapiek (ed.). Western 
Cooperative Fertilizers, Box 2500, Calgary, Alberta. 
Dp. Ol=S6% 

Association of Official Agricultural Chemists. 1970. 
Official Methods of Analysis. (11th ed.). Washington, 
DieG. 

Aw-Yong, L.M. and Beames, R.M- i ReN poe, Threonine as the 
second limiting amino acid in Peace River barley for 
growing-finishing pigs and growing rats. Cane J. 


nim. Sci- 55: 765-783. 


ary, , : en 
: . 
i h.. 
- iy 
Tr a) 


Bee ts 
} rhe ips 


em su ft otqer 2 rauiipo, < (ag a 16 
: ao 8 { etzp =i Bos wa fined SIBBO 
an 4 heir — = 


a is: sokottor f 


ton Aa 
. a ‘ t On ei 4 } : ; ¢ anata te — 
ft Deyn bl ay neh init te obTe 
“a at | ‘ : 4, | a a wie 4 J fhe ry r 
wet s0ush iM oma pone sf tasdi& 3 7 
ge 


cy ¥ —- 716) i ia dips jbné twos — e % 
Si} oe ' AE le Ay fe a ols 


pon Pek. 4 upd 2a oebeeee ni avous 
. ‘ ‘ pt ii Wa! ; be a | |e 2 tee Phbe 5 bh) j ; 
: : ‘ hs 4 tery » el w 


7 

os . 

at ieee AG 

A — rer ct ae . 

mes Theo ea foot ania tit eer 

a 2 " LY a sur? ALLS pages 164 bis 2 
: ogee eot (dog 20% 

i — oa ; 5 


f 7 i ; 
a WT ee hs ee ee a re ‘ee teagn 
. FA pag aire va ‘fod . BPE e: n>) 


; ‘ te rife dt vied 209 tanbdi > 


a fon a 
ae i si ead otha’ 728 i: 
hg@y BS d 
eh f 
: a Ws ah ol 
’ wey 2 


) ww Allens 42 eave Ts 
2 % ied! i peer! ivf, Me va 9: re piriges 
a B ebay Pao) eA ace “Tip a ra alte * rl £ 


an : 


5 none 


159 


Bancroft, T.A. 1968. Topics in Intermediate Statistical 
Methods. Vcl. 1. The Iowa State University Press, 
Ames, Iowa. 


Bayley, HaSe, Cho, G:Y.) and Summers, d.D..  1959.. Growth 
and digestibility studies tc evaluate rapeseed meal as 
a protein scpereteut foley SRINe. «Cale woes Anne eee l. 
RISSS6/—-3 1/3. 


RFeare-Rogers, J.lL. and Nera, E§-D. 19/2. Catdzac fatty 
acids and histopathclogy of rats, pigs, monkeys and 
gerbils fed rapeseed oil, Comp. Biochem. Physiol. 
“1B: 793-800. 


Beare-Rogers, J.L., Nera, E-A. and Heggtveit, H.A. 1974. 
Myocardial alteration in rats fed rapeseed oils 
containing high or low-levels of erucic acid. Nutr. 
Metab. -17: 213-221. 


Bell, G.H., Davidson, J.N. and Scarborough, H. 1968. 
Textbook of Physiclogy and Biochemistry. E. and oS; 
Livingston Ltd., Publ. Edinburgh. 


BELL sae 1965. Growth depressing factors in rapeseed 
meal. VI. Feeding value of myrosinase free, solvent 
extracted meal. J. Anim. Sci. 24: 1147-1151. 


Bed, es id i 1975. Nutritional value of low glucosinolate 


rapeseed meal for swine. Can. J. Anin. Sci. as 
61-70. 

Bell, JeM. and Belzile, Rawic 1965. Goitrogenic 
properties. In: Rapeseed Meal for Livestock and 


Poultry: A Review, J.-P. Bowland, D.-R.- Clandinin and 
LR. Wetter (ed.). Publ. 1257. Nat. Res. Council, 


ottawa. 


Bell, J.M., Benjamin, B-R. and Giovannetti. 1972. 
Histopathology of thyroids and livers of rats and mice 
fed diets containing Brassica glucosinolates. Can. J. 
Anime ~S¢ei.° 525 395-406. 


(ny ae int ‘ naget 
pedevaens oom 


: . 
; apy? 
<f 49 fe Dg Sek it Ale oF 
A 4a avcee pio bom! 
oa . 


“ if ” Ls F eae 2h Noe t “4 . . i ; 
ny) OF Others) oF aasaats') 
| rind orgs 


-bub cad eve 7 
ae - Mion 


: y 
1 2 € 
t” . Seth vert bia eke oe 


a 2 ; wat Pe pee Ne. pe 


nv 


oy Be. shed Pec ar iy a) 


j 7 ive nv +L 46 4 fae. i i 7 
‘ in ateqa t= nab, on at 
' , ae > > Be? ; 


hae of Pf viele 


‘ , ; ' 

aha 7 a Cie oleae ' 
y * : ¥ Pa 
phi? wfbd o FWD 5 x |  soaannhaee 
h <u ; 
eT cet ey, 
nt aot 7 y 
i = } por «3 


; ‘wha Oo mubew Leer meee 


4 ato Ge , ene «set ea” 
® - 7 4 j 

ta ae, Wy t all ah he 

non} pry 70 7 oa li paed arK 


waite tts oft als is Fat cae ’ 
pee eerie Rachel Z 


ea 


ae ae 
ib eae ee 


160 


Bell, JoM., Young, C.G. and Downey, R.K. 1971. A 
nutritional comparison of various rapeseed and mustard 
seed solvent-extracted meals of different glucosinolate 
GORpOSitsons. -Cans Wess ‘Ania. USci. 2 e512 9257-263. 


Bowland, J.P. 1965. Feeding value of rapeseed meal for 


Swine. - In: RapeSeed Meal for Livestock and Poultry: A 
Review. i ER Bi BowLland,. “D.K. Clandinin and L.-R. 
Wetter (eds.). Publ. VZ257% Nat. Res. Council, 
Ottawa. 


Bowland, J.P. 1966. Limited versus self-feeding of meal or 
pelleted rations tc market pigs. 45th Ann. Feeders! 
Day Report. Dept. Anim. Sci., The University of 
Alberta, Edmontcn, Alkerta. 


Bowland, J-P. 1971. Rapeseed aS a protein and energy 
source in diets for growing pigs- Can. J. Anin. 
Seis 6503-5104 


Bowland, J.P. 1972. Unprocessed rapeseed treated with 
propionic acid in diets cf growing pigs: performance, 
energy and protein digestibility and nitrogen 


retention; carcass measurements and fatty acid 
composition of backfat. Can. J. Anim. Sci. ye 
B53=5602 « 

Bowland, J.P. 1974a. Ccemparison of low glucosinolate 


rapeseed meal, ccmmercial rapeseed meal and soybean 
meal as protein supplements for growing pigs- Can. J- 


Bowland, J.P. 1974b. Dehulled low glucosinolate rapeseed 
meal as a substitute for scybean meal in diets of 
starting-growing finishing figs. 53rd Ann, Feeders’ 
Day Report. Dept. of Animal Science, ‘The University 
of Alberta, Edmcnton, Alberta. 


Bowland, J.P. 1975 Evaluation of low glucosinolate-low 
erucic and rapeseed meals as protein supplements fot 
young growing pigs, including effects on blood serum 
constituents. Can. J- Anim. Sci. 55: 409-419. 


ony 


be 7 
7 
a ~ a an 
on 
a i 
oeuult ae ite 4 tele: eee 
vaiaen Rae Aaah ee vase yw Por noah: 
7 a in Stab ty a ipow bod ' 
oc. 2te SER ede eG le 
7 * : - 
=f spe (oY h dant 
a. oan! ak bart, heey 
15 50> DRA 
ying rie hi -~* Aira 
x # t> » 
. he 
t rt ; y a Ff Af) 
. ay yh “ : 5 % a AA . 
_ou ree : ia j 
ra ie ty. Ith 
Spy - Sy 
. ; 22 ae | 
scary) 3 ft ; 
y Py ph 
7 een! rok tom : 
+ AS Eth ra ae ee 5 
a ( , ad ie 43 Meaty Yo" soitise 
v ep 3 a Saheb 
q tw . Tt Bett sith 
oa s5 eae LG oan 
or er 1 Bafvoth ach atnwenty 
: eu = te 
_ 
7 
7 niamkeoieg gol -unl faded 
as HE Lion ie ere mh) 
ok TAe aves iit Ad rs 
jAyFol vil’ 4-98 ‘ah (an eBA | 
2 1s, ‘Rx PID ‘oie 
‘ai ae 7 . 
2h SRL Ou Le duit 429 ot " 
ov eam veiya ity nd cs ry ut 
or be iiary fe, hae ae 4 . peer: heh : 
Te ie 


161 


Bowland, J.P., Aherne, F.X. and Egbuiwe, A.M. ASD Faba 
beans and low glucosinclate rapeseed meal as 
Supplemental protein sources for growing-finishing 
pigs. 54th Ann. Feeders' Day Report. Dept. of 


Animal Science, The University of Alberta, Edmonton, 
Alberta. 


Bowland, J.P. and Bell, J.M. 1972. Rapeseed meal for 
pigs. In: Canadian Rapeseed Meal in Poultry and Animal 
Feeding. Pub. 16. Rapeseed Assoc. of Canada, 
Winnipeg, Manitchba. 


Bowland, J.P. and Hardin, R«T. 1973.9 \Rapeseed meal sasia 
partial replacement for soybean meal in the diets of 
growing gilts and of sows fcr up to three reproductive 
Cycles: Can. J. Anim. Sci. 53: 335-363. 


Bowland, J.P. and Standish, J<ks 1966. Growth, 
reproduction, digestibility, protein and Vitamin A 
retention of rats fed solvent-extracted rapeseed meal 
or supplemental thiouracil. Can. J. Anigns “Sci. 46; 
1-8. 


Braude, R. Do Vs Feeding methods. In: Fig Production. 
E.D. Cole (ed.)- Proc. 18th Easter School in 
Agricultural Science. The University cf Nottinghan. 
Butterworths, London. 


Canada Department of Agriculture. 1960. Canada's new hog 
carcass valuation system. Information Division, 
Agriculture Canada, Ottawa. 


Carle, 8B.N. and Dewhirst, W.H-. 1942. A method for 
bleeding swine. J. Am. Med. Assoc. 101: 495-496. 


Castell, A.G-. 1976. Rapeseed meal in hog rations. Country 
Gyuvde, Apra il. ~95s 4-44. 


Castell, A-G. and Bowland, J.P. 1968.— Supplemental copper 
for swine: growth digestibility and carcass 
measurements. Can. J- Anime Sci. 48: 403-414. 


bat eres Wek 


Th? e's t 2 . santa 94 ern PS N 
ee ( phtats: wip oe ia 
j rag os ) The ee el) | rr ag . i 
ge4.%3 lane hapa pete ee 
el cee ee eee tie Site ia! n 
i, ail a . >) * sated as 


| ke pe! ‘ 
; : r- 
ia. a: eT . = . are ’ 
- nk ot, och : 
. wisn PA il } ak tiheo 
‘ “7? ul lo ¥ Hines a hey hae, i. a 
- Jen 
: “a at 7 
Bia at et a”) hh eg TM eq, 4 ei ia& i tWo a 


ron) ppadvoe 463 Iaeeeny ps tretaeq™ 


f ay ' ao wali : Pilio cde 
arene - ri a ombits PF ei fi “ eel: 
. , i 
| vt RE i 
v ' v ' wll oF, thie its: «is v . 
Vo be OS Ripe gees 
, ,-' ew ix eee i Le 
: : ‘edie Pens mL # 
: : oe ~ 
' } ay ii yf io ; Zot e ef r? t J 
i! > woth? a bab pie Pay 
a gsys (i) ST as Miya a. ae "#3 tty ert 
tid a? Moeded 
ae os 
Pini | D.. e 
f ath -) a (D4 2 yin vt 4) FG) en is 4 avons 
oh fetseya 92 HAF Wore + Pa) Fat ¥ 13h3 7 
belt. ener gid yeas. 
Li 4 
' x yee cian®) gab al 
, ome 
a = sf i « “4. ms niet 


rosie eee) 02) uot Ok. beets Divers aqn® : 

aon OL bdo 
payee? he rh 1M ee vo) <.82 Pies . 
se hat.’ i hah 00 Ld iy 
hdl kiss 3% ai i 


Cy4 te 


rm 


162 


Cho, €sY.("and Bayley; Hes. 1970. Evaluation .of | rapeseed 
and soybean meals as sources of protein for swine: 
apparent digestibilities of amino acids. Can. rie 
Anime © Sel. §50si5521- 528. 


Chopra, TeJey Solonon, V.Hs and Beall, G.N. 197 1. 
Radioimmunoassay for measurement of triiodothyronine in 
humans serum. Jo Clin. dAnvest. 50: 2033-2084. 


Clandinin, DeRey Renner, R. and Robblee, A.R. 1959. 
Rapeseed oil meal studies. 1. Effects of variety of 


rapeseed, growing environment and processing 
temperatures on the nutritive value and chemical 
composition of rapeseed oil meal. Poultry Sci. 383 
136 /-1372. 


Clandinin, D.R.-, Slinger, 5.Jd. and “Bell, 1d. te V1972e 
Composition of Canadian rapeseed meal. In: Canadian 
rapeseed meal in poultry and animal feeding. Pub. 16. 
Rapeseed Association cf Canada. Winnipeg, Manitoba. 


Cunningham, H.M., Friend, D.W. and Nicholson, J.W.C. 1962. 
The effect of age, body weight, feed intake and 
adaptability of pigs in the digestibility and nutritive 
value of cellulose. Can. J. Anim. Sei. se Oi 
Re bay 


Daxenbichler, M.E.-, Van E£tten, C.H., Tallent, W.H. and 
WOLEE, Isa. . 1967. Rapeseed meal autolysis. Formation 


Of diasteromeric (2R)-1-cyans-2-hydroxy-3,4- 
epithiobutanes from progroitin. Can. J. Chem. R59: 
197 2. 


Downey, R-.K. 1965. Rapeseed botany production and 
utilization. In: Rapeseed Meal for Livestock and 
Poultry: A Review. J.P. Bowland, D.Rk. Clandinin, 
Dek. Wetter (ed-)- Pub. 1257. Nat. Res. Council, 


Ottawa. 
Downey, R.-H., Stefansson, BeRey Stringam, GR. and 
McGregar, DI. 1975. Breeding rapeseed and mustard 


crops. IM: Oilseed and Pulse Crops in Western Canada - 
A SympoOSiume J.T. Harapiak (ed.)- western 


J on 
no yd iia «058 
: 

no Vis 2 \AD 


1 >a 
~— Onbae tt 


if = 
i 


} f i ; ae 4 ; ie i we } 100 of 
’ j as Lt { Iti 6o7 ic 
| | =. : 4 Vv i pal : by 
a. - 
15 Pi vite indie a7, git ht 
. ” » v f a is. 2m... ras ; si \ 2 GAN q 7 
‘ . . r ; ‘ = .¢ 9 
oh hems eo kye orig . 4 ea oye 
u Ne tis M4 otf? Te | Hen stones Pa 
é j ii = ; 4 : Lay : Pa 7 mee Pa 
Ar” STE ore 


7 
eat 
eee 
» j ¢ > a 
ae | al) oe at it 


ci pe Bes ip val smog 
opiap tabla haved 


j : , a 4D sagas 
7 \ : 


ere 


san aa a) mer hs: 


» a) » ' o a7 as woody. 
4090 PJ tas { y of, i rid Pa 
I ) <mewud hat i oi 
vos vGJ nia EBB PSF 
! J : 


Low oe 
04 * th) } : aft epihs 22: vst or 
ie | 4 ri a age iyite 4 “4 Be aba bs 2 : q | 
rie pte ib ab VI Tul a) 
o - a a) = ” v, maps 


ind ” 7 


iff 


aeetit 4 


» 


163 


Cooperative Fertilizers htda?, ~Boxs 2500 ,ueCalgary, 
Alberta. p. 157-184. 


Drennan, P. and Maguire, M.-F. 1970. Prediction of the 
digestible and metabolizable energy content of pig 
diets and their fibre contents. Irish J. Agric. Res. 
Gem 197-202 < 


Dunne, H.W. 1970. Diseases of Swine. Towa State 
University Press. 


Dunne, H.W. and Bennett, P.C. 1970. Colibacillosis and 
edema disease. In: Diseases of Swine. How. Dunne 
(ed.). Iowa State University Press. p. 587-616. 


Eg buiwe, ASM. 1975 Supplemental value of low 
glucosinclate, low erucic acid rapeseed meal and 
unprocessed faka beans for pigs. Me Sce Thesis, 


Dept. of Animal Science, The University of Alberta, 
Edmonton, Alberta. 


Ettlinger, M.G. and Lundeen, A.J. 1956. The structures of 
sinigrin and sinalbin: an enzymatic rearrangement. J. 
Ame -Chem:e’’ Soc. 78s y4172-4103- 


Ettlinger, M.C. and Kjaer, A. 1968. Sulfur compound in 
plants. In: Recent Advances in Phytochemistry. eee es 
Mabry, R.&£. Alston, V.C. Bunekcles (ed.-)- North 
Holland Publ. Co., Amsterdam. p)p- 59-144. 


Finlay, P.R., Gillott, Le, Peterson, D., Anderson, fF. and 


Boxman, Ee 1969. Fvaluation of the technical 
performance of the SMA 12/60. Advances in automated 
analysis, 1969. Technicon Int. Congre, Vole 1- 


Published by Mediad Inc., White Plains, New York. 


Finlayson, A.dJ., Krezymanski, J. and Downey, ReKe 1973. 
Comparison of chemical and agronomic characteristics of 
two Brassica napus l. cultivars, Bronowski and Target. 
Je An. Oil Chem. Soc. 50: 4¢€7-410. 


m 7 
a . : 7 


5 he siotade ‘egiees often kt PP a i % . ae + 
etint. vy aebet vero thee. eee, Beedd Lstiaaea 
, - , : i‘ 7 ” ay : 
; f | , , 7 7 Ye ’ Os “Hee > 
| | ‘ 


Ny he 


eanart i TOT oF ath 


: Gauls rtreaey. 
ey ' 
eee | wore ,? /2enes a a¥ak 
3 Mt ' s ts ‘Sa emt 
é ‘4 . \ toViInb teri Fei 
7 " 
Ph A fs ee 
| F q rE | Siaatkyg 
' Rt - ‘ ' re), ) ' ‘a hag 1% > ee eee 
com cA. aven 


1, : x A ‘ NWieitid Cae o: 
: , i 3 r¢ SoPaiar as it 
Ay tee eee 4. uM! baits ‘mt a! 


\ ‘ a 7 : - vo 
' oh a Ve ye all oi 
ke .¥a 26im yeu owl | . (ena tal eff 
LL) eee t! ihe vue bees 4 
ee : oh Bde it ps ee bee 
‘> —” 


Sib : 2k) die ee ve +4 ai LES Bae 
i Aa ee ee mr, 36 Ty hea Pe : ave a” se om: 
LGD 7 an * H x i > if wiry, wae i A 7 ¥ 4. = 


af: efeey go FOF ES 3S y, Gear ae i 
.* Sc s i 7 v= pba! "4 ? 8 av 40 ‘ioe r ae 4 

j :) 
7 by ry ' ae _ 7 eer 
»* ter f: eek a » Ph yt} aA bSi > eke Aeangeee 
ss ee) Se ee pana sea fons lls: of to ie 
ane bias Linw ange 4h Perist ooh Bhai 
lala $e 5G a: * ? 


a 


oe sd ae 


a 
ny 


164 


Fredeen, H.Te, Berg, R.T., Bowland, J.P. and Doornenbal, H.- 
1964.: Predicticn yield and value of hog carcasses. 
Cana (Js Anim. Sci 863 334-346. 


Freedland, R.A.w~ and Kramer, J.W. 1970. Use of serum 
enzymes as aids to diagnosis. In: Advances in 
Veterinary Science and Comparative Medicine. C.A. 


Brandly and C.E. Cornelius (ed.). Academic Press, New 
Works tt 6 1-103. 


Friend, D.W., Corner, A.H., Kramer, J.K.Ge, Charlton, K.M., 


Gilka, F. and Sauer, F.D. AST 5% Growth, 
cardiopathology and cardiac fatty acids of swine fed 
diets containing soybean oil or low erucic acid 


rapeseed oil. Can. J. Anim. Sci. 553) 49~59. 


Gharib, H.- and Hurd, H.I. 1973. T-3 toxicosis. Am. Fam. 
Phys. 8: 144-146. 


Green, W-L. 1971. Mechanisms of action of antithyroid 
compounds. In: The Thyroid. S.C. Verneil and “S.H. 
Ingbar (ed.). 3rd Ed. Harper and Row, Publishers, New 
York. ps. 41-49. 


Greer, M.A. 1962. The natural occurance of goitrogenic 
agents. Recent. Prog. Horm. Res. 18: 187-219. 


Greer, M-eA. Grimm, Y.- and Struder, H. 1968. Quantitative 
changes in secretion of thyroid hormones reduced by 
jodine deficiency. Endocrinclogy 83: 1193-1199. 


Greer, M.A., Kendall, JeW. and Smith. 1964. Anti thyroid 
compounds. In: The Thyroid Gland. R. Eitt-Rivers and 
WeR. Trotter (ed.)- Vol. 1. Butterworths. London. 


p. 357-389. 


ppecewieeneaistott. &.k-. and) hitne, ake: 1966. Effect of 
thiocyanate, perchlorate and other anions on thyroidal 
iodine metabolism. Endocrinology 79: 237-247. 


Cs 


ji), [ee ho 4gen fips: iG rd ee 
shuica ped i amber Sia Daw 
vAWk “EE “pa 


= ae 


sulyeet al 7 4 it” ea) 


ut at) : y 7 4) 
7 The: “Wj Se hupiriee bf oF ohie / 


re 7 “e ns | ber 4 peno hil ee ee 


* | if ea 


“ake 


4 n ian anh ® i ae on ~« Ne Te pat Ra rea) hae 
‘4 seus a0 Mie td bie 104. yo 
. ih. asi pk ieaarss lia a: hod \ (tb FEDe 
Pua 9 ar be weld pnt fs: er Load £ 
PS En | | at emi ma oe ) ‘ac yee 
or 
at! .pteuasges o=b <QYR eC eSer meme han 
Lateeet si 
i 
aa 
heap LA Cae 
a | ’ s } a 4 ii. : 1) vat . 
2 t i! i t a2) | wt Th 
| ee er 
F - i > 
a 
f ; , 4 il p< ohger 
* 
ai hae ' | F oo OP ee syns iY 
ia m7 
CASI yes ¥ 
j ras r up? os ths ie i n qt yi lt 
(ties pried 1b £074) * “2 tie <a 
' Pht eT “4. 9nqLowr: ‘ * > 
‘ ; ’ ) ] 4 : a hi 
4 el Sind 
6 Ht frd rn mis f 791 oe 


7 - a : - 
Sim © a SUE ‘Aa 9! ANG vie aa ; 
apa, on rir 


165 


Harper, H.-A. 1971. The chemistry and function of the 
hormones. The Thyroid. In; A Review of Physiological 


Chemistry. Lange Medical Pub. Los Altos, California. 
pe  7416-922.. 


Hochella, N.J. and Weinhouse, S.W. 1965. Automated assay 
of lactate dehydreginase in urine. Anal. Biochem. 
123052235 5< 


Howocth, _P.J.N. and MacLagan, N.F. 1969. Clinical 
application of serum-total-thyroxine estimation, resin 
uptake and free-thyroxine index. Lancet 1: 224-228. 


Hussar, N. and Bowland, J.P. 1959a. Rapeseed oil meal as 
protein supplement for swine and rats. lt. Rate of 
gain, efficiency of food utilization, carcass 
Characteristics and thyroid activity. Can. J. Anin. 
Scie. o4-935- 


Hussar, Ne and Bowland, J.-P. 1959b. Rapeseed cil meal as 
‘a protein supplement for swine and rats. It. Energy 
and nitrogen digestibility and nitrogen retention. 
Caneel s AGige PScro) 9392 (94=10t 


Ivan, Ms. 1974. A nutritional evaluation of wheat for pigs 
with particular reference to quality and quantity of 
protein. Ph.D. Thesis. Library, The University of 
New England, Armidale, Aust. 


Josefsson, E. 1370. Pattern content and biosynthesis of 
glucosinolates in some cultivated cruciferae. Chem. 
DivV=, Swedish Seed ASSe, Svalof, Sweden. 


Studentlitteratur, Lund. 42 p.- 


Josefsson, EE. 1974. The nutritional value of low- 
glucosinolate rapeseed meal. Proc. 4th Int. 
Rapskongress. Giessen, Fed. Rep. of Germany. De 
417-425. 


Josefsson, E. 1975. Influence of glucosinolates and high- 
molecular factors on the nutritional value of low- 
glucosinclate rapeseed meal. ds ee SGive 2a RAGE tC. 
26: 1299-1310. 


io & 
4 


=a 


"7453 : Ny » a EMO i: +h 


| ; io pre-e i aden Bay os 
; ie 7 eon BLES t <<heb ? ce & 


iat 


eal Tpe 
aa 


bak irae 


‘pai ee ee tot Test 


} ruin | ot a= 4 Spat eS . eye on TOF 
wern) G2  boend ne Taga ~eie taal 4 


- >t oS 


bc aneest ckORE Tt: sae pe Paw 3 
wr +] (ot, a4 ne a ve 
. i ‘ : ylutetat 7to ft 
¥ ts ee Ane At ¢ekindpats 
ee Pi . as 
af 


i“ 
Fi el ean AS pasa ume o« = oe 


oe ' that hae 


i > 


aban pi 


: 2 7 
, BH ar vigiaty, at fe 
. ue 2Hy 82429 dgorran ag me 
71 ? ro td in Bx: STA ¥>. 


} Mid Lp at? oon ; 7 
ri vale ae. '% whup + ated 


Pe. Oba) ane ut aie 


ans, yp igh Visidott Ay 
les * eutoy 4 eae EL at 


oat hat > rid 


A 
7, 


166 


Josefsson, E. and Munk, L. 1973. Influence of genetically 
determined differences in glucosinolates content on the 
nutritional value of rapeseed meal. Je Sci. Food 
RGLiCeg met! 12G65—127 ie 


Kaneko, J.J. and Cornelius, Cesk: 1970. Clinical 
biochemistry of dcemestic animals. Vol. 1, (2nd ed.) . 
Academic Press, New York. fp. 293-211. 


Krahn, P.M., Markiv, H. and Taylor, J.D. 1974. Serum 
thyroxine radicimmuncassay, Simplified. Ze Klin. 
Chem. Klin. Biochem. 12; 234. 


Kind, of. u. and Taverner, Mok. 1975. Prediction of the 
digestible energy in pig diets from analyses of fibre 
contents. Anim. Prod. 21: 275-284. 


Kondta, Z-P. and Stephansson, B.R. 197¢C. Inheritance of 
the major gluccsinolates cf rapeseed (Brassica hapus 


SS ee Se — 


L.) meals Can. J. Plant Scie 50: 643-647. 


Krusius, F.E. and Peltola, P. 1966. The goitrogenic 
effect of naturally occuring L-5-vinyl and L-5-phenyl- 
2-thio-oxazolidone in rats. Acta. Endocrinology 
Scandem 532) 642-392. 


Lawrence, T.L.J. 1967. High level cereal diets for the 
growing/finishirg pig. ee The effect cf cereal 
preparation on the performance of pigs fed diets 
containing high levels of maize, sorghum and barley. 
daeAgrichescci. 692 271-291. 


Lehninger, A.L.- 1970. Biochemistry. The Molecular Basis 
of Cell Structure and Function. Worth Pub., Ince, New 
York. 


Leonards, J«R. 1974. Correlation between results of a new 
T-3 test and percentage of free thyroxine in serum. 
Clin. Chem. 16: 922-924. 


wrt me UF 


fat if 1 Hes syngute al | 
Re eee a ee ae Pp £098 i: 
. {tena | he@ansere “Yoo wuts Phe utol ai 


iF 
at 
= 

a + 


L h wear in 
‘ Pa a. ae @ 
. ay £4 ; 
oa DS 
' , -_ 
‘ fot ae) OL ‘ r ihe ie } ” ; ah ets ves 9G a asa 
A ‘ - » Ley Laat - th MK > ‘ ts B o o ve 2 nod ey 
“w FPS =e s , eae F vat ‘) te 7" 34 val & ll 
7 oo ; 
0) 
\ Me r { 7 rig rs : fr hen- ‘af ig A val Dall Anan 


; 7 ? . he a ee eee . woe 


# 
wea sh errr nite ae =) 
a ; 7 
7 
’ “gen 
Fs ~~ | Lae ga aj) bz hes ht ahd nk 
f ii if eae ald +Hap b 


ky Vie Beat: a: 1 $098 COD 


. ‘1 i) a ‘2anheyete. be 
‘ j ee icfuntee re i 
7 4 - b 4% 7 7 ’ + : ;o eu «2D ot 


geet >. au hae bas oh .40 
oi ene, tnaiiv=4= VF Ut po vars rna to Leal sd 
sot fi he ie ola 5 


ise ah ge 
ps a . ” * Tye” in ee iu ran » oP Lue 
“i aber 


7 =T pa hae F my etx) , 


i} 7 ii a 7 rt ‘i ee 


ii i t.rad yitty £ Seti & 


ee 


alex 
: 


; | , ‘ “ ra ; 
sig 3 oe tine ey MwaU ten lta, 


» OO DON n.£ ye a 3j Ws a4 te? € Re 7 
rs 5 


— = 6; 7 


- 


167 


EO, o7h.t. and Belly J<M.. 1972. ‘Effects ‘of various dietary 
glucosinolates On growth, feed intake and thyroid 
functionsof ratso Cane S50 Anim... (261 752552 95. 


LO, Mol. and Haws, Doc. 197 1a. Toxicity of a 
glucosinolate concentrate prepared from rapeseed meal. 
Ganeord. SAnimew Sct. Sols) teI- 192. 


lo, Mets and Hill, D.Ca 1971b. Effect of feeding a high 
level of rapeseed meal on weight gains and thyroid 
function of rats. Nutr. 0ls 375. 


Lo, M.T.. and Hill, D.C. 1972; Glucosinolates and their 
hydrolytic products in intestinal ccntents, feces, 
blood and urine cf rats dosed with rapeseed meals. 
Can. J. Physicl. Pharmacol. 50: 962-966. 


Manns, J.G. and Bowland, J.P. 1963. Sclvent-ex tracted 
rapeseed meal as a source of protein for pigs and rats. 


Marangos, A. and Hill, RR. 1S74. The hydrolyses and 
absorpticn of thioglucosides of rapeseed meal. Proc. 
Hibs DOCes 33: OUR. 


May, RW. and Bell, J.-M. 13715 Digestible and 
metabolizable energy values of some feeds for growing 
pigs. Can. J. Anim. Sci. Sb: 271-2730. 


McLaughlan, J.M., Jones, J-D.e, Shah, B.G. and Beare-Rogers, 
J.-L. 1975. Reproduction aon rats fed protein 
concentrations from mustard or rapeseed. Nutr. Rept. 
Tn. tls. 321-35 )- 


Meade, Reds, Typo, J-Te-r Tumbleson, M.E-, Gcihl, J.-H. and 
Yon der Mehden, H. 1965- Effects of protein source 
and level and lysine and methionine supplementation on 
rate and efficiency of gain of pigs weaned at an early 
age. J. Anin- Sci. 24: 626-632. 


Mia,  A-2- 1976. Flood chemistry tests and their use in 
veterinary practise. Pract. Vet. Winter. p- 16-20. 


Ly A) . t. ‘ 
- "4 


ee, a ‘eg 
: ; ; ; fan ~ Ac : 
4400 79 - = Din. COR. an f lie iw a Pal 


4 vi >a ai) : : é/ ; ace ‘ 
v v 7. “it ae lvat , adres “eo. a Ft can) 5 dc . 
7 Paps cokiiti- sO ves ak Be yw Bie | 
7 : - k| — ‘ " -_ = N 


a ; Ey 
pe oh 8 J 
pin fonsoosaly 


alee 
= 


ae oe r ees i 2 
nos A BaD jal Pre i 
|  Veete? art es vba ety iat) «5 


a 
7 J BY, f re ie 
&, 1 soe : 
> tO <) 4 Fae ant 
F A - ay 
uh bi caret If CERIN UB | 4 5 ae 
Hearn dh ob syiar bea mail 
- } ion bookd: 
; - j j «6 ns 7 
deh ab seen 0 -boeae 
r| 1 af TULA) ae & sv ‘ta i | sein aa 
. ¥ 7 i. rus . ete «tt 1A «& «8 _ 
ne a 
t  -FENER > af) gh SER ee va 8 cco 
| ti 2B boca SR {oO solLigqxzuoer 
| . #00 SSE ote tui 
r : - . 
‘<5 ue 
oii oS at 5 bok dee 
Yo gubbev ¥¢ gzads! gid aiieee 
‘ i deel aki Ste ear =889 2 
; wt 
4 Tete A, a) cle tan « like tien 
' tne ani 7 ort ae 
vtu’ >) Se araysTo un Ste hidet ays ne. 
ij Pas ee ee t at. ae BAP 


ih 10 Liesl Lene paves Ti 
> FMA we of pte! 2 aninar as i 
| | A need wits | 


168 


Moody, D.L., Slinger, S.J. and Summers, J.D. 1976. Value 
of Tower rapeseed meal for pigs and turkeys. Proc. 
Nutr. Conf. Feed Manu. University of Guelph. Can. 
Feed Manu. ASS. Nat. Nutr. Council, F.0O. Box 2080, 
Station D, Ottawa, Ontario. 


Morgenstern, S., Kessler, G., Auerback; J., Flor; Rave” and 
Klein, Be. 1965. An automated p-nitrophenylphosphate 
serum alkaline phosphatase procedure for the 
autoanalyzer. .Clin. Chem. I; 876-6037 


Morgenstern, S., Oklunder, M., Auerback, J.K., Kaufman, J. 
and Klein, B. 1966. Automated determination of Serum 
glutamic Oxaloacetic transaminase. Clin. Chem. ede 
95-111. 


National Academy of Sciences - National Research Council. 
1972. Nutrient requirements of laboratory animals. 
Publ. 10 (2nd rev. ed.), Washington, D.C. 


National Academy of Sciences - National Research Council. 
1973. Nutrient requirements of domestic animals. No. 
2. Nutrient requirements of swine (7th rev. ed.), 
Washington, D.C. 


Newell, J.H. and Bowland, J.P. 1972. Performance, carcass 
composition, and fat composition of boars, gilts and 
barrows fed two levels of protein. Can. die Anim. 
Scitwe SoepeouSs ols 


Newell, J.-A. 1973. Compariscn of boars, barrows and gilts 
as meat producing animals. Ph.D. Thesis ~- Library, 
The University cf Alberta, Edmonton, Alberta. 


O'Grady, J.F. and Bowland, J.P. 1972. Response of early 
weaned pigs to diets of different digestible energy 
concentrations and the effect of cereal source and 
added molasses cn performance. Cane Je. Anin. Ser. 


62: 87-96. 


arr 


_ eG ; : 

g a ay aloes ose SE ae. . 
be asians ve ga Beek : wt 
ae rhage fo je Peeth ee! ~ ee 
‘ wo? § 66.7 =fipeao noes : UE 
- 0 es ee ' 


: = we vt ee ; 
“4 ¢ 445A TRG a i ae) »t alaaet 
Ue a: eee : eon ’ ? 
t j t i? 7 4 j re nes vs ot 
i ri : 4 + a has one tr I 
‘ =e ey a av wy sR tio: " 
or 
. 1 . 7 7 =i ' aa 
| r ; ewtad wapedocws 4 hog 10T padi, « n ens 
"i : yqfeT te TSF aes * suit Pe) 
’ - i hc Pe Aer 
| ¥ Pa) 8) © lh 1 sneer t “yes OBS z xe oO i 


=) BE Toca i, Ywobsba 
5 . ' (ues Lf Ne Sam Poo 08 . 
t ” : 
/ i} ai pee hy ate the Lapedtae i hae Ss 
2 as OTN dasa 
uu 7 ‘ 
via’ * i 
Pe ee | .9,8 > fie vel Me ‘Awe “hath oft 
| | > | wigtaoand iia od trae 203, 
_ | dietotec NG | revedcwd ‘bn’ awe et 
0 i ® y » wt _ 4 


Fane cad! fe oe 


ae 
Di ane. 
sy Be 


uss 


169 


Okar, .B. and Aherne, F.X- 1976. The effects of creep 
and starter compositicn on feed intake and perfcrmance 


of young pigs. Accepted for publication. Can. J- 
nines  6Sei. 


Olomu, J.M.~ 1974. Evaluation of rapeseed and rapeseed meal 


as energy and protein sources for chickens. Ph.D. 
Thesis.. Library, The University of Alberta, Edmonton, 
Alberta. 


Omole, T.A. and Bowland, J.P. 1974a. Copper and zinc 
supplementation of pig diets containing soybean meal or 
rapeseed meal (Brassica Compestris Cv. Span). Can. 
Se sANi tens OCl. S427 363-372. 


Cmole, T.A. and Bowland, J.P. 1974b. Copper, zinc “and 
manganese supplementation of pig diets containing 
either soybean meal cr low glucosinolate rapeseed meal. 
Gans J. Anim. ©Scis 9 S42°431-993" 


Onaghise, G.T.U. 1976. Fababeans and cassava as dietary 
ingredients for growing pigs. MeSce Thesis. Library, 
The University of Alberta, Edmonton, Alberta. 


Oppenheimer, J.H. 1968. Roles of plasma proteins in the 
binding, distribution and metabolism of the thyroid 
hormones. WN. Engl. J- Med. 278: 1155-1162. 


Orok,) feu.) I9ee. Comparison of peanut meal, rapeseed meal 
and soybean meal as protein supplements for, (pigs. tand 
laboratory rats. Ph.D. Thesis, Library, The 
University of Alberta, Edmonton. 


Orok, EJ. ‘and Bowland, J.P. 1975. Rapeseed, peanut and 
soybean meals as protein supplements: plasma urea 
concentrations cf pigs on different feed intakes as 
indices of dietary protein quality. Can. Je ANIM. 
Scie. 552 347-351. 


oer 


~> 30 
att 
U ooh 
. i-sE lAE @& dit ? as Y pert 
j ‘ w >| 7 7 i | it Fa ‘D> y- espe, 
; y these yen aa? esdn 
° Soe : 
Ef 
’ 
¥ = 
w f uf rs festa teal yeh } 
ro ros. Sieh aie) toate towne 
2 shy tee aod We TeOeeny Bae 
: a Oe eae SS aD 
n a 7 
5 a 
; if ib shoe as: ye 
+ ite ro Wy “ai Laas. as re spe : 
vit fy j ia. ott aigeri ¥O “Ted 
fodith che: caste ee sh ol 
. . 
Pit 
; y 
j a tar: ad 
ft mr ri * s! tn ip 762, 2+ ; 
’ . ’ a8774058 30 yas 
é ich 
j 2 yy . Rib? + ie 
i i a fof \ Se Py ce ee hike ae 
3 sa. cy b oe ; oa stm AP 
+ ie ea 
r da ae TLL Muy ast grer «bal 
fhavathate  Akeiotg> am - Rais asa 
4 «He OAT a one athe, 
* 7 . 1 
+ » 
; ae 
ab D A [> # af | Ye Pal 
ih. 4 ltl Lean ; ai, ‘tom ; ae 
Paw! pest 2he bik et Lee Pt 
»teg P 7 ahh 


; 


> a av at tai! b had 


elise 


ie 


170 


OLCGKs seh .wc,p ee LOW Land fy te and Briggs, Goi. 18753 
Rapeseed, peanut and soybean meals as protein 
supplements with or without added lysine: biological 
performance and carcass characteristics of pigs and 
Patogeecan. lon AnINe SC. 1 os) 15-146. 


Paddock, B.W. 1971. Supply analysis of rapeseed acreage. 
Gas ld. POAGrICen scone, PhS ts 117: 


Perrin, WR. 1975. Arthrosis in growing male pigs. MSc. 
Thesis, Library, The University of Alberta, Edmonton, 


Alberta. 
Fitt-Rivers, Re and Rall, J.E. 1961. Radioiodine 
equilibrium studies of thyroid and blood. 


Endocrinology. 68: 309-316. 


Rerat, A. 1972. Protein nutrition and metabolism in the 
growing pig. Nutr. Abstr. and Reve 042 (1) 73-33; 


Richards, J.-B. and Ingekar, S.-H. 1959. The effects of 
propylthiouracil and perchlorate on the biogenesis of 
thyroid hormone. Fndocrinology 65: 198-207. 


Richmond, R.Jd. and Berg, Rete 1197 tan rat distribution in 
swine as influenced by liveweight, breed, sex and 
ration. Can. Jd. Anim. Sci. 51s) 523-531. 


Richmond, R.J., Berg, RT. and Wilson, B.R. 1970. Lean, 
fat and bone growth in swine as influenced by breed, 
sex, ration and slaughter weight. 49th Ann. Feeders! 
Day Report, LTept. cf Animal Science, The University of 
Alberta, Edmontcn, Alberta. 


Robbins, J. and ‘Ralliz does “19675. the iodine containing 
hormones. In: Hormones in Blood. C.H. Grey and A.L. 
Bacharach (ed.)- (2nd ed., vol. 1). Academic Press, 
New York, p. 383-490. 


Roine porl., Uksila, fot., Tier, HH.) and Rapola, H. 1960. 
Histopathological changes in rats and pigs fed rapeseed 
oil. Z. Ernahrungsurss. 1: 118-124. 


f mS «? 4 yer: ‘cae 4 14 ol : 
| 4A -stgte “pate UR: Sai ae 


,_ e4 é ‘ Sey ' fi a pee e ti fhe } a = 
ne | | othe theteg keto Sey di! sane TaD ake 
i : Vaio & es 
ete Poe eee ie one 
: 5 a 7 
: 40 
a. a We 77 a1 
; tteh vase, Viagem, “ee ot) yRQOPOB 


ve,7 | cFr-eke ee. CGE! oa “te: +889, 
2 : a au 7 ay, 
i na 


bic nh, elaoeeen | ‘ane on 


‘ Tar eit oT, aati * a5 
is ated 
‘ ve z 7 
A . ri 
; me: - -iS 7 Lae Ape oad pas 
Lowen | rT Heme Tio 
0 TP URE ley VeRO ems ita 
- 
dit) av moet. 5 GET 
ae i : at yO ahiis 
: ae 
in 
é f a Mg pion Bae . 
1 , bts fh aen: } 
Pt f 47 bar Oe RT 
Lt. 
a 
CHE, inted See ete 
n ‘ ti e em | er} ree Heft he = . J 
+ “tS Vie oe ikere sw bak a wth, At 
] 
an 
gf Woe at yf sabe hi Ae erem ® oe TaORS a: 
; ; ng if t gota Af Maer gee pa) iene / ae Ka 


tin sales ae ae ~ ak ek W a FOF 


. ae % re oa o) heh aA ba) “ya, pi Ia 
op 


yn 


« 
Ds ny aif Db oats Py 
i + 
“9 " } CP bid ail 


- a 
., : 
PrebAle © On 8 at bod wt 7 
= ' . ng at} Vn ae rs 


(y 


171 


Runciman, A.M. and Olsen, RC. 1975. Canadian production 
of oil-meal seeds. In: Oilseed and Pulse Crops in 
Western Canada - A Symposium. J.T. Harapiak (ed-). 


Western Co-operative Fertilizers Ltd. 7,7 box 42500, 
Calgary, Alberta. 


Saben, H.S. and Bewland, J.P. 1971. Digestible and 
metabolizable. energy values for rapeseed meals and for 
soybean meal fed to growing pigs. Can. J. Anim. 
Sei. Ss) 419-425. 


Saben, H.-S-, Bowland, J-P. and Hardin, R.T. 1971. Effect 
of method of determination on digestible energy and 
nitrogen and cn metabolizable energy values of rapeseed 
meal and soybean meals fed to pigs. Can. J- Anin. 
Sci. ols 4 2/-—432. 


Sarwar, G. and Bowland, J.P. 1976. Protein quality 
evaluation of low glucosinolate, low erucic acid 
rapeseed meal and unprocessed faba beans in young pigs. 
Jo) Nutr. 106: 350-367- 


Sarwar, Ge, Shannon, D.W.F. and Bowland, J.P. 1973- 
Effects of processing conditicns on the availability of 
amino acids in soybean and rapeseed proteins when fed 
to rats. J. Inst. Can. Sci. Technol. Aliment. 8: 
137-141. 


Seoane, JR. and Gorrill, A.D.R. 1975. Effects of dietary 
flour and oil from Tower rapeseed on food intake, 
weight gains, nutrient digestibility, energyy 
utilization and body ccmposition Of “Lats< Can. Je 
Anime Sciey 5520 145-757 


Sibbald, I-R., Bowland, J,P., Robblee, A.R. and Berg, R.T. 
if Shships Apparent digestible energy and nitrogen in the 
food of the weanling rate J- Nite.) Fotee71-85. 


Sihombing, D.T.He, Cromwell, GeL. and Hays, V-W. 1974. 
Effects of protein source, goitrogens and iodine levels 
on performance and thyroid status of pigs. J. Anim. 
Sci. 39: 1106-1112. 


rye nc _ 


53 yet A the eet ay oe 


ay te ohm “i ee ied 410 
a) Mee oa. oti 
ce ut? db teats earns er! 


ye! ve yet ot ell ‘int 


ae ot eens Oe Ree 


’ aw » aby rat i wore a ae l , 
2 
au - " 7 
: 
a ak ?= _ P| oh tei) SY ne i Py sag ‘io ‘ iw neadbc 
an ; Wt’ yt ert i jiraee Pe noon oa 
| bas YA bith Ra 5 [Lowes cain > ft Bt 5 ie we ope 
be it cigte seetiyenr bas 
. | a aweeep 38? 
> f « PA + it ’ 
& { ti i wer 
4 is ] i ‘ avy “au 
Pa oan th 
t f " | oe 2 U 
’ hig THE 
: i 1 . io 


’ ; as | ipl) 3 sz Acodie vy y ioeiet 
svar ee : 
\ a 


r gta a 7) oe «A @ @! “St iy yee 


~~ > ai = pra 


| Wee 


172 


Smith, H., and Lucas, I.A.M. 1956. The early weaning of 
pigs. I. The effect upon growth of variations in the 
protein, fat, sucrose, antibiotic, vitamin and mineral 
contents of diets for pigs of 8-25 lb. liveweight and 
a comparison of wet and dry feeding. J. Agric. Sci. 
RST ode) Ut ib pales 


Statistics Canada. 1976. Field Crop Reporting Series No. 
Pe February 13, 1976. Information Canada, Ottawa. 
Gat.) Non, 22-002. 


Steel, R.G.D. and Torrie, JH. 1960. Principles and 
Procedures of Statistics with Special keference to the 
Biological Sciences. McGraw-Hill Book Co., tC sty 
Toronto. 


Stringham, G., McGregor, D.-f. and Pawlowski, S.H. 1974. 
Chemical and morphclogical characteristics associated 
with seed coat color in rapeseed. Proc. 4th Int. 
Rapskongress. Giessen, Fed. Rep. of Germany. pe 
99-108. 


Swenson, MJ. 1970. Composition of body fluids sein: 
Diseases of Swine. H.W. Dunne (ed.). Iowa State 
University Press. pe. 95-124. 


Taylor, H.L. and Barratt, H.-W. 1965. Growth repression in 
rats by thiouraciliodide mixtures. Proc. Soc. EXp- 
Biol. Med. 118: 1194-1197. 


Tookey, H-L., Van Etten, C.H., Peters, J.E. and Wolff, Lan. 
1965. Evaluation of enzyme-modified solvent-extracted 
crambe seed meal by chemical analyses and rat feeding. 
Cereal Chem. 42: 507-514. 


Van Etten, C.He, Daxenbuckler, M.E., Peters, vie and 
Tookey, H.L. 1966. Variations in enzymatic 


degradation prouducts from the major thioglucosides in 
Crambe alpinica and Brassica napus. J. Agric. Food 


al 


wf. 


+h : ; 7 
7 a Lb eit vee a ore: 
er. aun 4 paige aha ror 


ey Bt tobed dae: Fingl any ait : 


Lotsa 40 S0iQ @em 7 
om ebi 2 yah Gite ie 


mye 
if) 2A bine 
oe, see” aul 


en 


: ae 
aa at 
jose dus ey: wo PER 
thmaotas -34 i 
i a 
a 
i 
: 7 
*'% F e | » [ yaa? 
fe bah hy G2 ae SiteLzare 
i ti =~ Pde a we i te i 
‘ 
¥ a 
i % yh « TOE sip cl - eed g Rinks 
6 OTR eqar ty yom ta Aric ——— 
5 pA ites , 7 
F a ‘ a + «< f 
ay 
fii) ed aire iy" wile PS 
} pak) A ae “eared 
” 6. waeweN: 
- rae 
r SOS Vos ae 4 pow A # 
i » Pa Ee Lt fonzpad > 
Pa t4\> 
. a Litt 
’ . \ ; . 
i4c ee] - euly 
at tpi fri 4s 
«WF 
a 
e ave gaunt 
Leb any 


tts 


Van Etten, C.H., Gagne, W.E., Robbins, D.J., Booth, A.N-, 
Daxenbuckler, M.E. and Wolff, I-A. 1969. Biological 
evaluation of Crambe seed meals and derived products by 
rat feeding. Cereal Chem. 46: 145-155. 


Van Kampen, K.R., Hess, T.D. and Ailen, 5.0. 71972. 
Automated clinical pathology - its use in veterinary 
medicine advances in automated analysis. 1972 
Technicon Int. Congr. Vol. 7. Pub. by Mead, Ince, 
Tarrytown, N.Y. 


Waldo, OD.D. 1976. An evaluation of multiple comparison 
procedures. J. Anim. Sci. 42: 539-544. 


Wetter, L-R- 1965. The chemical compositicn of rapeseed 


meal. In: Rapeseed Meal for Livestock and Poultry: A 
Review. debe Bowland, [C[.R. Clandinin and L-R. 
Wetter (ed.). Pub. 2 dee Nat. ReS.e Council, 
Ottawa. 


Youngs, C.G. and Wetter, L.R. 1957. Microdetermination of 
the major individual isothiocyanates and 
oxazolidinethionine in rapeseed. J. Am. Oil Chem. 
Socs 882 551-554. 


sh yur 
3 if ian 

+r 
rn 
ae 


Suc eet 
¥ © a L $i!) 
Ay ti re 


co” ae 7 4 


me stk 


Air iat G4 


 Warehte at ee { Af 24 


a t 
4 
* » 
j ae ar 3 3 
¥ . 
Ps A 
z av a 4 
x3 - 
« * 
’ OCs ee che 7 
” 
{ 
~* 
‘ a 
4 ‘ 
fiw j 
’ 
i + 
a 
it I 
tr 


hee WE, oy 
a aa 
1, =2Rhe 
” a 
>" 
> ee liz P| } 
J 4h 12248 
& kee g fF 
w PBia ’ i 


'* 


ih 
bed Ultos Flh: 


oe on rho # 


me 
‘2 


al ra abe 


a hae 


.} 


ak % 
ne 


a4 


f 


i oe 


seen ae an 


Deed fh aeaplpe ai 


7 ars a 


hin % ae 


LRH AY BOUTS, 


Hin yyes. Hd RRA 


wo 


pire 
mL Pa 
~~ 


ree 
apf na: -~ 
vii tporaee, ae 
ie? «Epe - 


7 ev nd yaaa ee 


mete. esis ot 


; Pad are ic 5 


a 


- 


- 
ore) ae Oud: 


a 


el wie 


of aa ry te 
ue att, 7 ’ : 


ios se" peer 


: - a, oy 


on aR 
wit an 


= as 7 a ss pire a renee om pm ” eit lneeez2 SSP OY = ca Fe NS FER Fi PISO — ges 2 ne Son ange jeea parse - a seed ered 
Z poke wera “9 - - ; = Fi = > = = ERPS Raced Es ree = = PE eR SEER nee =o - Ecage ‘ < een 5 = rs — : 


